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binomial parts 2000 0 Shen e e 400. 2 575000 

2d, root 412430 | 7 2 X 2400X 33 = 144000 

binomial pres Hts "a 8 JJ ann * 85 30. 
_—_ 
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: FE © &* 
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15 4655 e | „ Do 2 OE is} as = 
| es 391-432 Lieht 9811 F ” | 
-'By this ante Kube ede aro for every fi „ 
10 — — that in finding the ſquare of the firſt „s ſappoſe al 
ſt to be eyphers, and ſo on til} the: whole —— „„ 8 
the al of one R "817530105 1 ET > 


& 1 / Invelution 4 5 Cu Ap. I. 
- Note; That for every Sg that is end 5 to > the: firſt figure in the 
root, there will be two in the ſquare * thus, 20 4s 45 20* is 400, 200* « 
49000, 2000* 15 4000000, &c. 
In like manner the cube of any number may be found, by dividing 
the root into parts, as in the following example, viz, | 


Let the root be 24, or 20 ＋ 4, as before. x 9 75 
N will be 20+ ; 2%X20X 4 + 4* 15 20 = 8000 
20 + 4 root 24, ZX20* X 4 = 4800 
„ 20 x4+ 2X.20X 4 +4 — 34 3* 2 0X4 = 960 
20 þ 2x20%4 + 20K 14. 14th 4 64 
Cube, or third power 20% 3 X20 NT e to = = cube of 24 = 13824 


Hence it appears, that if any root be divided into two _ the cube 
will be compoſed of the four following ſums, VIZ, 

1, The cube of the firſt part, 

24, Three times the ſquare of the firſt part multiplied, by the ſecond 


125 Three times the ficſt part, malipicd Mos the ſquare of 1 mu Tong | 


* The he. of the fonond, part. 

If the root conſiſts of more t two 3 the fame method may ay. 
de obſerved as in compoſing the ſquare, by taking the two firſt fi ne 
# for one part, and the next figure for the other part, and ſo on till all the 
fignificant figures are brought in. This is ſo plain, that we-thiok it need- 
leſs to give any example here; and as the only uſe we ſhall make of it 
will be to ſhew how to extract the cube root, we ſhall juſt obſerve un- 
der this head, that for every figure annexed to the firſt figure in the root, 
there will be three i in the Cube, beſides the cube 25 N ure Ty 
2* is £ 8, 200 is eee is 8000000, = 


* q 2 * 1 
* FF , # 3 » 4 — Ip; * [ 5 © ons er ; 
N * , * * ; 5 
2 15 * 8 $ »s 8 =_ 12 ” FE — 72 5 a>: * bs . wanna, - >» 4 . * 2 — 8 
38 7 4 . * 95 i - #% "XC ' t 4 2748 
* — . * ; * 
* * 
8 2 
. 5 BY wy c T. | 1. e 
EL 6 os * CIO I 8 y 
* N 8 _ ape 1 ? Y * * by many onions -_ 
# , 4 — * - 8 3 - : - I 4 , 
Ss 7 '% * : 8 — £ . 5 1 F 
__ . + 3 en . ee 
1 Fs Evolution of n ec 
8 : 1 | 
* Law b n * At ab „ x6 cu ol 6-420 oe 2 x : 2 


Nvolutzon is the . unfolding, or a of an --inniber into the 
CE I der vv. e extraction of the 
f any given r dy means of which, we find a number, that 

being pie by TT 


Tn 


SECT. II. Poolution of QUANTITIES, 7 

In order to this, the method already obſerved, and the ſteps taken in 
the involution of the binomial root muſt be carefully attended to, in 
which it wilt not be difficult to ae how each yu of the root is con- 
certied't in the "Oe! 74! 


7 Erba the Sab ak Roor. 


15 the 1 58 was. compoſed by multiplication and addition, the root 
muſt be found by diviſion and ſubtraction. 

When the root of any number is. required, the firſt thing to be done 
is to prepare it, by points ſet over ſuch places as the index of the power 
diretis, alwa 20 beginning at unity, and proceeding towards the left hand, 
if the given number (which we ſhall call the reſolvend) be integers, and 
towards the right —_ in decimal parts; now the index of the ſquare 

being 2, there muſt be a point over Lol ſecond 8 as in the fol- 
lowing example, v7z. | 

Lt the given number be 552 nba 

_ Having pointed the given reſolvend as 3 5 Bud the fcft ſin 
take the greateſt root that is contained in the firſt period, which in this 

caſe is 2000, the ſquare of which is 4000000. Subtract this from the 
reſolvend 5929225 and there Will remain 192922 5, which is called the 
firſt dividend. | 

| Now this number contains double the product. of the firſt figure mul- 
 tiplied by the ſecond figure, and the Marre of the ſecond figure, as Is 
evident from the method we uſed in compoſing the ſquare. N 
Divide this dividend, i therefore, by —_ the Aare, and 5 We 
5 will be the ſecond figure, Fee, that when it is multiplied by 
the firſt figure, and the product added to the ſquare of the ſecond 
gure, the ſum does not exceed the dividend. In this example 4000 is 
Fan firſt figure in the root, and when this is made cn pv 
dividend, the quotient; will be 400. 
In the next place, multiply This ſecond . by double the firſt; ti 
' which is the ſame thing; by the diviſor, and add the ſquare thereof to 
the product, and 2 ſum will be 1760080.;, ſubtract this from the di- 
vidend, the remainder will be oxel 5, the ſecond dividend. 

And now we have in effect ſubtracted the ſquare of the firſt two fi- 
gures; for in the firſt ſtep we ſubtracted 2000), and in the next 2x2000- 
x400+400', all which make 2400*. The ſecond dividend will there- 
fore contain double the product of the firſt two figu figures multiplied by the 
third, and the ſquare of the ſame third figure. Therefore, - 5 
e te thin bur, e f to figure 1 

any \ [ict ru 


; * 8 5 Of « Bavolati n u Cn Ap. I. 
1 this dividend; * quorient will be 30; clohiphy this by: the diviſor, 
: 2 and add the fquare of the quotient to the product; the ſum will be 
7 144900. When this is ſubtracted from the dividend, the remainder 
= | will be 24325, the third dividend ; to which there muſt be a new divi- 
ſor found by doubling the figures already found in the root, and the quo- 
5 _ will be the © urth I And by obſerving the ſame method 
fore in 2 there will be no R ſo chat 243 5 will 
be e true root required. 


N 1 Reſolyend n | 
| 7 | 20008 . S /,- 4000000 . - 
uf diviſor 2000 3 1 — 925: "| dividend. 
| mY 495 4098 l b bn et 
. 400 = 16000 1 V'Irfsß 


55 176 „ 1 OR 
2d diver 2400 x 2 =_4800) 2 2 26Sividend 5 


* 
7 8 5 Ry > 
e x29 44006 | a 3 _ 
b 8 4 * x 3 go. . 4 518 332.5 445 131 84 & s 3&4 
\ = « — 4 9 * * T 1 @ * # * 3 Nx 8 
} 4 * ” . v7 3 1 242 "> Tu 2 "x PR at 1 8 * 4 * Tr 1 * & ug 1 ) 1 \ £4 BY 4 5 4 
; 4 1 5 {1 ” 1 J $f 3 . | 4% 4 » 3 145 1 8 2 * n 
viſ 2435022 = =" 4860) 24325 34 aden Ja 3 
A - - : 4 ZE N i ; *% 
N N 4960 * 5 24300 925 „ e 
| | 4 I s x 1 
= * 3 ; 1 5 
= AT "its 22% Ta firi fr itt hol! 
+25 7 6 3 = * 6 . q . — — a 79 1 3 e 2 Pm oh A | , 4 — +. 'f 2 * 
| ZJ © 5 EIT; EA 4 * 5 1 1. 5440 75 pF 7 "of 3 $0. * 1 >» 8 7 53 211 . 17% 5H 34 2113 5 A 75 5 TS: 
J 0 ; . wh : # { 
_ -.- | By compering'this oputaar Vals dint by which the ſquare number 


= 5992922; wascompolcd as above, the reader will obſerve, that the ſame 
= - numbers chat were there added together to make up that ſum, are hereby 
=>: regularly: ſabtracted from it. So that this method f W iN the 
1 root is only the reverſt of that by which it was raiſed. int 
= We ſhall eonelude this head with obſerving, chat News lr nov 
b in practice for annexing all the cyphers to tlie diviſors and dividends, nor 
of ſubtraQing the ſquare of the firſt figure from the whole refolvend ; 
but the ſeveral eee which i it conſiſts of, 57 be Wong down one af 
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. Kobler of aun. . 7 "0 9 | 
6.29} ;  Reonepd ee Heede root 1 
5 3 greares 1 in 47 bp 
ä uf 4diviar., 2% 1 . 5 
154 = 32 * 2 


2d diviſor Io. | mo 3 
3 2529 5 ES, * 


| 3d diviſor . 8465) 48085 EET N . 
BE ; —= 42325 = 8465% 5... ig] | | 
4th diviſor 84706) 476006 87 t 
: 6 508236 = $4706 eK 


5th diviſor 847128) 577702 . 
255 ne: 8 622298h= =$45129 * 8 
ddd always, that aſter havingidoubled:the robot in the quotient 
foe a diviſor, we are to enquire how: oft it may be thad in the dividend; 
ſoas when the quotient figure is annexed tothe / diviſor, und that increaſed 
diviſor ware by the ſame quotient figure, the product may be the 
that can be had in the dividend': rn e from 


LD 


period to period till the whole is finiſhed. LE IIA 


By puriuing this mechod/in extracting the root ofthe Mues voitber 
5929225, the reader will obſerve that the 2 Minden mn 


as _ omitting the hen. ? | Fa. Bl „ 03 eit * > net 11 44 kt 


* 
17115 nf err 


| T Eura te Cons WN 
We ſhall obſerve the fame methgd i in extracting the cube root, as we 


have done already in the ſquart rt; Ahat is dy conlidering it as di- 
vided into two parts in different — ali have diſcovered all 


the ſignificant figures thereof. . AK 
Let the number, or reſolyend, "whoſe-cube root 1s required, be 
I 824. Th o raving  » . 
. it is properly poi 2 ted l. ve, it 11 tot will con- 
5 ( ＋ N E % 


fiſt of two figures. 92 
Th fett fgure in the root will Walk we en the can be had in 


the firſt period 13000, which n 8000, muſt be ſub- 


tracted from the reſolvend, And. che. remainder will be 5824, for a dividend, 


e have already pt ary on che fiſt part g this 
rf; pan; mul- 


number muſt; contain three! times, che e f 
pied by the ſecond; part, Thres 3 firſt part; Wuldiplied by, 
| che ſquare of dee — 3 pack, added d 


iN 


5 B 
; By + 22 5,50 

IS. * 73 > 
3 - 


18 * 7 op &-v +5 4 3 * 4 - . * , i . 4 1 3 


Of Tniolition and Cue. l. 


| ther. Therefore, if thi dividend be divided wh 4 times the ſquare 
of the firſt part = 1200, the quotient will be 4s the ſecond figure re- 


quired : Then 3 times 20* x 4, 3 times 20 x , and 4* muſt be added 


together, and the ſum ſubtracted from (9.6 dividend, as in the following 


example, viz. N | OY 
Reſolvend 13814 (24 roo 1 
20 = B e 
Diviſor 2X 20* 2 11200) «824. EVE . . 
3 * 21x 4 = 4900 -- £6 Ps Cents MS PROS erg PLL 
3 * 20 4 = Me core . . 
4 : : 0 = 64 2 5 ? „ 1 
8 R 


By comparing this example ith chat which ae han hes. 

. 9 

te very ſame numbers which compoſe the cube 13 824, and-ate there 

added 3 are here regularly ſubtracted from it. This method of 

_ extracting thocube foot, is, therefore, only the reverſe of that by which 
5 


en give ons example more, br nga ere 
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5 Let be requird to eur the cus ro of 94818816 3012-148 
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ns here te bs noted, that the two laſt Gigures a muſt 


been defore we enquire how often the diviſor (which wants two 


cyphers is contained in it, becauſe when we proceed to find the ſecond 
Sgure i the root, the firſt muſt be conſidered in the place of tens; and 


when 


- 


but 3 40% 6 + 3x40 x6" +6333 


ternaries of « 


Watte ma 50. error Agl 233+ wh 35+ bocg bla NE ey bn aids bak : 


$8zcr. II. Evolution of QUanTITIEs. 11 


when we are to find the third figure, it muſt be conſidered in the place 
of höndreds, this will appear very plain by annexing 8 cyphers in the 


operation. 


As the diyiſor, ound by this rule, multiplied by by the new figure in the 
root, is not all that is-to be ſubſtracted from the dividend, but alſo three 


times the firſt part multiplied by the ſquare of the ſecond, and the cube 


of the ſecond, as in the foregoing example ; it will ſometimes happen 
that the quotient muſt not be taken for the next figure in. the root ; 
thus, if the dividend 30818 be divided ! 4800, the quotient will. be 6; 
36, which exceeds the dividend ; 
therefore it will be neceſſary ſometinies to try how much the numbe ber 
to be ſubſtracted will amount to by the foregoing rule, before we can 


determine u the new figure in the root. 


II, as it often happens, number has not «root that can be expreſſed 
by « rational. number ace as many pairs of eyphers in the ſquare, a 
eyphers in the cube, on the rig i" of: 
xs pes would have: decimal places in the root, and x 
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Arithmetic + 3h WH in ring wo or more E 
| ai! lefler is be from the greater, the remginder'is called the = 
9 z and when ſeveral e are equal, thoſe numbers are id 
0 en 5 9 aggther- As if We. 
Fe; e e Lt A e r 5 8 e 
5 e 6 . 
«4 X'S; 3 1! Tg: 0p $ 
MENT 3 7 eee bog 
— 0-4 7 Tor lg, proportional, forthe ce 
het A inthe ſanc:ne Between, 10/808 7.3 Dus hen. 
the me With ade idifferenee. berwixt. . andi g. theſe ES 
ate da Ti, 2 diſcontiqued,. a3 the farmer. — * ſaid to me 
Rf oP metical proportion. Hence the follow! ing inferences... 
4.1 ½ If, three 8 ate in 2 proportion 2 the 
th t 8 1 . 
w RE eee * 15 00 4 


mean 10. * 
2. If four quantities are ſo! the ſum of the extremes i equil the 
ſum of the means. 1 | N. 


33 5,7, 9, bete, 3 . 9 18, nd +7=12. 
3. If never ſo many quantities are ſo proportional, the ſum of che ex- 
tremes is always equal to the double of the middle term, if the number 


of the terms be odd, or to the ſum of any two terms equally diſtant col 
3 as in the following ſeries. 5 


ng 25, 4s 6. 8. 10, 12, 1+. 
2 4 14 8 * 2216. 
EE RIS eden 8x 2==16, Kr. 


| And ths mal den ban * becauſe the laſt term = comprent 


Mexglld © P/ROPORT DOM 13 


eifirſt,, together with the common. differe 8 aadfien 
q 1 of its place i is diſtant from the firſt term: But che firſt — a 
has ho addition of the difference at all; and as the ſegond term has: one 
difference ot ratio mote than the firſt; the ird moe than che 
cond, & ſo the laſt but one has: ane leſs thanzthe laſt of all the laſt N 
but ty on: leſd than the pf but one, & engen he ſumo of any twa = : 
oftheſe!:equally diſtant; fiam the exttemes muſt he equal to the: h | 
the extremes, becauſe one inereaſes as much as the other decreaſes. 
Therefore, the ſum of any number of terms in ſuch a pregreſſiun may 
be had, icby mpltiplying the the [Girtv of. the extremes | wo balfuthe/npmber | 
of the tetm. 4 AHV ned ws fe ups 913 og e 
„la ngcb Ebert Sag r h eng iets ben f e man sn 
only neceſlary that the extremes and the number of ternas be given d % * 
that if by having the firſt term and-the:common - 8 Would fing 9 
the laſt, it might be done with great diſpatch,. by, mult open nun „„ 


ber of terms, leſſened by unity, into the con mon 2 
8 ding the fit term 30 the product. 11 * 16d 1 nielg si 31 
Thus, if the laſt term of a progreſſion. 967.3; Places were required, ond © 
he common difference were 4, and the firſt term. gu you need only mul- 
tiphy 72 by 4 4nd to the, product. 288 add 3, and vou have 291 for the | 


laſt term in the progrefſion. ** 2 "oe 221 = 1 27 1h. pg ad 


5 So that if the progreſſion begins: w pher, wh the moſt 1 
natural and fimple of r he 2288 8 off & terms Will 2 equal to a 
che ſum of te extremes: multiplied by h Lee ace terms. 1 
Thus ſuppoſe denon g 2113 $1 tr: 33 3: 4 4773 20 Maw IAO 9 ZI 


1 9115 14 30 865 97 10 18. 85 2, 24 27 , 3 3% 391 0 an HH. -- / 
The Ust derm 39% multiphed:by!;14; che:mbols number uf tems, 
| 5 x: which ay Fre fam lg mn ud ban 
From whence it will Cx t the ſum of all — any! fab + omg 
qual'to/ the greateſt, mils 221 Io ib > 26 _ th 5d o7 node t bets 1 


n tec set zes $07 %n 2 bit bog bags sch io lo ont ad 
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hs NO FORT LOW: chf Il. 
on; thus, 1: 6229115 ure Proportionals ; for 6 divided by 2 iö 3, 
2 by 5 is 3, 4 ſo the ratio's are equal. When two e 
are compared, the former is called the antecedent, and the latter the con- 
ſequent; but when more than two are compared, they are called terms, of 
whichithe firſt and laſt are called extremes, and all the intermediate ones, 
means. In order to know whether numbers be proportionals, it is only find- 
ing the ratio of each E and here it will be 55 erent. whether the ante- 
cedents or conſequent of every pair be made diviſors, as in the preceding 
numbers 2:6:: 5 1 15, if 2 the antecedent be divided by 6, the conſe- 
uent, the quotient is +, and if 5 be divided by 15, the quotient is 35, ſo 
the ratio's are equal, as before when the antecedents were made diviſors. 
When in a rank of numbers they increaſe in a geometrical proportion, the 
ratio will be a common multiplier, and is found by dividing any one of the 
conſequent terms by its antecedent, for ſo the quotient will be the 0 
1 3. 9% 27, 91, 243; &c. Here the common multiplier is 3. 
N 2, 4, 8, 16, 32, &c. Here the common multipſier is . 
11 10 plain that if either of theſe antecedent termis by. N nnd by the 
ritio, 'the product will be its conſequent. * it | 
Wen in à rank of numbers they decreaſe i in a geometric propurtion, 
| the ratio will be a common diviſor, and is found by ding uy _ of 
ho eee terms 8. its conſequent. e ein $4 / 
aon 75 a 1 5 1 25 Br, 25) »9s 4: „Kc. Here the cmmn dv iſer n 3. ern; 2 | 
lupe 16, 8, 4 4 Kc. (Hers Ge cbesmon, diviſor is f. Et 
e Het if either of theſe terms is divided by: the rai the 
quotient will be the next term in the progreſſion. | 
If in comparing ſeveral numbers together, we find the ratio of the are 
and ſtcund, to be the ſame” with the ratio of the ſecond and third, third 
and fourth, fourth and fifth, and o on; thoſe Same in a geomes 
tricat proportion-continued. 2 23 vet wolle! © end | 
If in comparing four numbers together, =eifindihe 0 0 übe veſt 
and the ſecond to be the ſame as the ratio of the third and fourth, but that 
the ratio of of the ſecond and third is not the ſame; thoſe numbers are 
| maps dae f proportionals, 22247: 6 82, for the ptogreſlion 
tops here at 4. ö 
5 The manner of expreſſing continued pt pontcnle i by ſeparating the 
terms. by n 8 2: 45 8:16: 32, Cc. but in diſcontinued , 
| eve ct ADCV7 
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Ser, II. PRO PORTION. „ — 
PROPOSITION I. F 


If three numbers are in awgeometrical roportion, the product of the 
extremes will be equal to the product of the middle term multiplied in- 
to all or which is the ſame thing, to the ſquare of the middle tem. 


As in theſe numbers 2, 6, 18. 
c „„ 


PROPOSITION U. 


I four W are in geometrical proportion, (whether continued or 
diſcontinued) the product of the extremes will be equal to the product 


of the 2 means. 
Let the numbers be 6 10. 26 12 


5 * 12 =O x 6 = == 60" | 
FFT!ETE!T! -à 2h 0 
5x 40 io x 20 20 0ꝙ | 

ä From theſe two n the following inferences may be Sowa VIZ, 
II, If the product of any two numbers is equal to the ſquare of a 

third, thoſe three numbers are in geometrical proportion continued. 
29, If the product of any two numbers is equal to the product of any 
other two, thoſe four numbers are propertionals, and the numbers multi- 
plied into each other will be either ee er # extremes, as in the 


een CHO, v. e 1 


521 1 1 3 k 
18:4: 8122 C 
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PROBLEM: Ws 


To find a mean A between, ang two given abe 
Note, By a mean proportional We are to underſtand ſuch a number as 


if mule ied" by itſelf, r will * to the 


ewo given numbers. 2 905 \ 
Rule, Multiply the given numbers by Le | nocker, PR © A 51H 

e product, that root will be the mean 

an. required. 7 15 
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Example, Let the given numbers be . and 27. 
3 x27 = 8X the ſquare root of which is g the mean required. 


e ee ee 2. P.R.O B. L. E M iI. ops od Hie Saen 
To find a fourth proportional to the three given numbers, ſo that the 
ratio of the third and fourth may be equal to the ratio of the firſt and 


ſecond. VVV | 
Rule, Multiply the ſecond number by the third, and divide the pro- 

duct by the firſt, the quotient will be the fourth number required. 

Example, Let the given numbers be 2.:.0,::7., ͤ— 


6X7 =42; and 42-+=2= 27, the fourth'number req 


The reaſon of both theſe rules is evident from the two foregoing pro- 
poſitions, for where there are three numbers given to find a fourth, though 
the fourth is not known, we know that the product of it when multi- 
plied by the ficſt will be equal to the product of the ſecond and third 
numbers, (per Prop. II.) therefore, if that product is divided F frſt 

"this is the 


Chap, II. 


* .F 


26 < 


= 


„ , . 3 
4 * # 
- - . £ 
” # x + 
* 
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term, the quotient will be the fourth number required. 


- foundation of the rule of three, which we ſuppoſe the reader acquainted 


with already. © _ ke in wes . 
2 « 3 ; — mM” „ Z YT > 42 $3 4 - ASS © 0 
Continu oportion, thus expreſſed, ==, is, when all the terms be- 


| tween the firſt and the laſt are both antecedents and conſequents in the 
„„ © EIFS ws 4 3 r $441 1 5 Key: 1 


Example, 8, 12, 18, 27, are =; for 8: 12:: 12:18 :: 18: 27. 
Wherefore in ſuch ſeries, the laſt term ſubtracted from the ſum of all 
the terms will give the ſum of all the antecedents, and the firſt term ſub- 
tracted from the ſaid ſum will give the ſum of all the conſequents. 
If four quantities be proportional, they will alſo be ſo alternately, in- 
verſely, in compoſition, in diyiſion, converſely, and mixtly. - 


4 
* * 


Example N . ; 85 | A Be 5 


. 


* 5 A K * * D fl "aq = #3 4 * 1 Þ I - 12 * 6 28 1 
3, mn Ee * * > » » q 1 þ * * 8 * 
ny . * . * k P 1 5 „ 5 * 0 "76 Wit N xx 1 1 * 7 4 & 3 : k 
1 „ + 3 3 * 28 $2 * ” D. * 8 $4 9 EA E. yh: * 3 
> ® * »_ 1 . . « 0 6 a 83 
4. incompo- A- BD 5 117 5 ., 21: 9: K 
4 : [> ZH = "2. a. * | 64 3 * B 1 L 1 = 8 2 I Kee, : 2 a 71 Pie 
fition © 1 A £C::B+D:D,:* 20:8: 15: ts | 
end : 30 
5, in di- Rg A= B: B:: : P. 3:9::2:6 -- 
vz ” fi » 250 3 'C v% 429141 D: 112 i 1 4, 6 4 * 5 
A % ; 
on s 8 * of B 20 2 . 4 EK Ry », 3: 5 DER 
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Ne PROPORTION. 17 
hs | A:AS+B:: C: C A-. 12: 21328: 14 
6, converſe- _ — 12: 3::8: 2 
y A 712 1 
| I2 : Fe: 2:0 
27 AB: A- B:: C D: 2D; $1573:: 14: 
Ae: AC: B＋ D. B —D. 20:4 :: RAT : 
All 900 are evidently e the product of the extremes be- 
ing e to that of the means. ar 5 
hy | PROPOSITION I 274 
If the product of any two numbers is divided by 4 the. 8 
will be a fourth proportional, the diviſor will be the firſt and the num- 


bers multiplied into each other the ſecond and third terms in the pro- 


greſſion. 
Example, Let the given numbers be 5 and 8, and their product be di- 


vided by 10, a third number: 
358 * 8 = 40 ＋ 104. 
Therefore, 10: 5 :: 8: 4 (by inference 2d) for the produg of the 
means is equal to the product of the extremes. 


PROPOSITION I. 


When two 3 are multiplied into one another, they may be 
made mean proportionals to other two numbers, of which 1 muſt be 
the firſt, and the product of the two numbers will be the laſt or fourth 


term. 
| Example, Let the given numbers be 6 and 8. 
It will be 1:6:.8: 48 =6x8=1 x 48. Hence in multiplication, 


As 1 is to the multiplier, ſo is the multiplicand to the product; and 
in divafion, as the diviſor is to 1, ſo is the dividend to the quotient. 


PROPOSITION. F- 


| pep ved numbers be multiplied, or divided by any fame third num- 
ber, the products or quotients will be proportional tothe numbers ſo mul- 


tiplied ar divided. Let the numbers be 2 and 4, each to be multiplied 
by 3; then 3x2 =6, and3x4=12,and 2:4 :: 6: 12; or if 18 and 
öde rs. the die wile 6nd 8. 2 LEG 


"2 PROPORTION. onA. It. 
The powers or roots of proportionals will likewiſe be proportionals. 


= VE 
8 $M 5 4: 16: : 9: 36 ſquare | | 
| 8: 64 :: 27: 216 cube T3 


«4 


Hitherto we have conſidered the doctrine of proportion, only with re- 
ſpe& to numbers; but as any quantity may be repreſented by numbers, T. 
all that has been ſaid with a to them may likewiſe be applied to any 
thing that can be augmented or diminiſhed. A line of 2 feet long has 
the ſame er to a line of 6 feet long that the number 2 has to 
6, but the method of finding the proportions of lines, &c. to one ano- 
ther requires the knowledge of the principals of geometry, which ſhall 
bo the ſubject of the next chaptte . | 
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CHAP. Fr 
of GEOMETRY. 


A in Arithmetick we treat of b by comparing them 
to one another, without conſidering their relation to any 
particular quantity, ſo in Geometry we ſhew how to compare 
quantities to one another, and find . their Proportions without a- 
rithmetical calculation. 

Geometry may therefore be. Stly called, The ſcience of ex- 
ten lion eee conſidered, without any regard to matter. 


GEOMETRICAL Dzr1NTIONs, 


#3 


DE. I. unite is any thing that can Tualatin or dimi- 
iche and may comprehend extenſion, weight, motion, &c. 
for one may be taken as greater or leſſer, heavier, or lighter, 
fwifter, or ſlower, in relation to another, of things of the 
fame kinds; but there can be no compariſon between quantities 
of different kinds as hours and miles; for u e 
groune nor leſs, heavier nor lighter, &c. than a mile. 

De,. 2. All things that are capable of er are to be con- 
fidered either as lines, ſurfaces, or folids. 

Def. 3. A line is a quantity of one dümeadca, where the 
length only is conſidered. 5 | 

De,. 4. A furface is « quantity confdred- under- two dimen- 
? ſions, vi, length and breadth..” * tt TY 

Def. 5. A ſolid is that which has Adee 2 VIS. length; 
breadth, und thickneſs, theſe two laſt are ſometimes called height 
and de 

5 A point in ahorimathomaticnh . and in reſpect of 
continua quantity, is that wherein neither of the foregoing di- 
menſions are confidered. It therefore conſiſts of no parts; for 
then it would be a ſolid, ſurface, or line. It is analogous to an 
inſtant in time, which partakes neither of the paſt or the future, 
The centers of circles, &c. in diagrams are not mathematical 
; points, put ſenſible objects whereby the underſtanding, conſider- 

ing them nnn n ee een e f i 

OB 0: trfunibeome 480-3 5 Dey. 
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PLATE 
I. 
Fig. 1. 


Fig. 2. 


Door Cn Ap. III. 

Def. 7. Parallel lines are ſuch as are every where equally diſ- 

tant from one another, as AB, and C ED; for if the lines A C, 
tha 


and B D, are equal, and are the ſhort t can be drawn from | 
the points A and B, to the line CD, the right lines AB, and 
CD, if co produced, would be always equidiſtant, and con- 
ſequently would never meet; but if BD were ſhorter or longer 
than AC, the- lines if produced would meet W 
Def. 8. An angle is the inclination of two — that meet in a 
point, ſo as not to conſtitute one ſtrait line, and this will be 
the caſe of alliſtrait liges that are not parallel, as the lines _ 
and CD, if they are produced; they will meet in the 22 
angle 


bich is called the angular PER gf the lines that form 
are called the legs of the angle. 


The quantity of any angle is not determined by the length of 
the legs that form it, but by the diſtance of any two points, 
one of thein in one leg, and the other in the other, both equal- 
ly remote from the angular point; now the greater this diſtance 
is, the greater will — che angle, and if there are two angles, as 


AO C, and a2 c, and if O B, O D, 06, v4, are all equal to 


one another, then the angle A0 C will be greater than the angle 
4 w c, becauſe the line 4 8 than the line B D. and when 


. theſe diftances are equal, the angles will be equal. 


Fig. 3. 


Fig. 4 


All trait lines are meaſured by a rule, ſtaff, or ſeale of equal | 
parts, as inches, _ e 1 . — are erer "ng ; 
arches of > | 


„ 


A bor hat point to any 2 that is, when the a lin 5 

AC, ſtanding upon the right one B D, leans unto. neither part, 
and makes the anglet A C, A C B! on both fides equal th 

n ones, andthe; ine 4 C Pr endi 
N 10 454 Tk 51732534 

Hence it is evident, ee nhe.-line D; 1 

NS be taken diſtant from C, and any poigt, J. in the 


line A C, be equally diftant from theſe two poiots, 5, #, ben will 


the line A © be perpendicular to DB. Tie 


i 8 
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De, 11. A circle is a plain ſurface contained within one continued PLaty 
curve line, called the periphery, or circumference ; and is drawn I. 


by fixing the point of one leg of a pair of compaſſes in any aſ- 
ſignable part of a ſurface, and carrying the point of the o- 


ther leg found till it arrives. again at the place from whence it 


began to move: The fixed point is called the center, and is e- 
ually diſtant up all Palos in 'the cirewinierouue” deſcribed by 
the other leg. 

Def. 12. The — or nde is a lait line a 
from the center to any part of the circumference, of which there 
may be an infinite number all equal to one another. 

Def. 13. The diameter is a line drawn through the center il 
it meets the circumference both ways, and is therefore always 
double the radius; there may be an infinite number of diameters 
all equal, they all interſe& · one another in one point, which 
is the center; ſo that when the interſection of any two 


diameters is found, the center of the circle is likew¾iſe found. 


The diameter is the _— 5 N with- 


in the circle. fi San 


Da. 14. A chord is a Arai ln deb Ee a diameter, 
drawn within the cirele from any one point to another, both in 


eo, and cuts the- circle loony 2 7 55 


ſegments. - 
Def. T5. An acbb any ee eee ee 1 zh 
n 2 — de cut by a diameter, the ſegments are Wa 


and are called ſemicircles; and if a radius be drawn perpendicular 


to a diameter, it will divide the ſemi- eircle into two equal parts, 
called quadrants, each containing one quarter part of the whole 
Senf The ſpace contained eee nnen an e 
is called a ſector. 220155 

| What an arch wants of a ai called che f 
e ee e e eee eee 


ry part „ 


Ens Whewurwarcts is 
ir is called a degree; the 60th part of à degree is called a mi- 


nute; r e 


of a ſecond is called a third; &c. 
It is by theſe degrees and minutes chat alt angles or arches arc 
meld in order to which it-muft/be obſerved, that the cir- 


— INI n 


Fig. 5 
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Fig. 55. 


ET Cnap. HI. 
to be divided into 360 degrees; but the length of che degrees 
of a ſmall circle will ld be leſs than the degrees of a large 
one in proportion as the radius of the one is leſs than, the radius 
of the other. 

To illuſtrate this, e e 0 an che Seen ; dividh 
the outer one-into 180 equal parts now it is very plain that if 
ſtrait lines are drawa from each of theſe diviſions to meet all 


at the center, they will paſs through all the inner mae and 


fo divide them into the fame. number of degrees: 

A circle may be conceived to be formed by the motion of a 
Arait line, for if one end be faſtened at the center, the other 
end carried round till it returns to the ſame point Where the mo- 


tion began will deſcribe the circumference; and if ſeveral points 


are taken in the line; as at 4, &, d, f, they will each deſcribe cir- 
cumferences of circles, and 2 4, C 6, Cd, Cf, will be the ſe- 
veral ſemidiameters: this line is repreſented by a thread faſtened 


at the center; draw the diameter A & B, this thread by its mo- 


uon from the point A to the point 180 will form all che various 
angles that can be made by two ſtrait lines, and will always 
make two angles' with the diameter ; Deen this ee the 
following inferences may be deduced, re i it man 

I. 1. The greateſt: ——— ade by-two right lines 
will be leſs than 180 degrees, for if the thread de drawn 
the point A, it will then lie upon the diameter A B, and make 
no angle with it, but if carried ta 20, the angle from A will be 
20 degrees, and the angle from B will be ſo much leſs than 180 


degrees, ui. 180 — 20 = 1603 and as . it is carried through the 


* » 
£3 '$] 


points 30, 40, go, 60, 50, 80, the angle from A+ increaſes, and 
8 B decreaſes ;- when. it comes to 90 both angles will 
de equal to 90 degrees, and in this poſition the thread will, be 
ular to the diameter after it paſſes 90, the angle from 


Auill ill be ineresfiag, and the other decreaſing till the thread 


comes to the point B, where it again falls in with the diameter, 
and makes no angle; and as the arch from A to B is a ſemicircle, 
and contains 180 degrees, it is n to een angle of 
[180 degrees by'two- ſtrait lines. 

Ivf. 2. A right angle contains 90 degrees, and the! two links 
that form it are perpendicular to each other; if theſe ne we. 
er n eee angles, each go degrees. 1 1. | 

33 alte T0109 ele 19 ene; 3. 
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uf. 3. 17 a right line ſtands upon another right line, and PuaTe' 
bo two angles with it, thoſe: two angles will be equal to two I. 
right ones, or 180 degrees: For if the line is perpendicular, they Fig. 55: 


will be equal, by the preceding; if the line is oblique, as from 
any point in the circumference to the center, except the point 
90, 3 from 40; then from A to 40 is the meaſure of one 
angle, and from B to 40 is the meaſure of the other angle, but 
the ſum of theſe two is 180; the angle from A to 40 is as much 
| leſs as that from B is more than 9o degrees; the firſt is ey an 

acute, and the laſt an obtuſe angle. 
Inf. 4. If one of the two angles formed by the meet 

ing of two lines is known, the other may be found by ſubtract- 
ing the known angle from 180 degrees, the remainder being 
the other angle. | 

EV. 5. If ſeveral right Ae are drawn ſo as to meet in one 
point in another right line, the ſum of all the angles will be 180 
degrees, and the ſum of all tlie angles chat can be made round 
a point will be 360 degrees. 

If. 6. I there are leveral equal eee al ame circle, the 
arches ſubtending by theſe chords will be equal. 

Def. 17. A triangle is a ſpace contained withis three lides, 


which by their meeting form three angles: When the three lines 7. 5 


are ſtrait, it is called a rectilineal triangle; when they are 
arches of the ſame circle, it is called a ſpherical triangle; ; when 
the three ſides are equal, the triangle is called equilateral; when 
only two are equal, it is called iſoſceles; and when all the 17 770 
ſides are unequal, it is called ſcalene. | 
De,. 18. Quadrilateral, or four ſided figures are 1 as are 
limited by four lines forming four angles. Such as are rectilineal 
are either parallelograms or trape zia. TL 
Def. 19. A parallelogram is a figure whole oppoſite ſides are 
* parallel, of which there are four kinds. vz. a  tuare, 
ngle, a rhombne, and rhomboides. 


Def. 20. A ſquare is a figure limited by four equal ſides, all Fig. 9. 


perpendicular one ta another, as AB CD; that is, 4 quadrilateral 
figure, whoſe ſides aud Ing are all _ is called a om | 


trical 


no right angle, the oppoſite angles being equal, vz. E G H- = 
EF H, and GEF = G HF, but all oblique. a 
: Def. 22. 


ſquare. | 
Def. 21. A hon is a vt that e equal Gdes, but Fig. 10. 


24 4 - GEOMETRY. Caray. I 
PLATE „Dea. A rectangle, or a right angled parallelogram, hath four 


I. right angles, and its oppoſite. ſides equal and parallel, viz. 
Fig 114 LM KL, and IK =ML; this TE is often called an ob- | 
long, or long ſquare. 


Fig 12. 23 a rhomboides is an oblique - angled rallel am, 
re. and 445 8 ſides that form the angles are er. : ef Boho 
Fig. 13. Def. 24. Every - quadrilateral figure that has neither oppoſite 
ſides, nor oppoſite angles equal, is called a trapezium. 
A tight line drawn from any angle (as D) in a four ſided fi- 
gure to its oppoſite angle (B), is called a diagonal, and divides 
: the figure into two triangles (A B D and BCD). 
Dy. x . polygon is a 8 chat hath more chan four fides 
and may be either regular or 3 
Fig. 14. Def. 26. A regular polygon has all its FEE and angles equal, 
and may be inſcribed in a circle, and all the angular points (4, 5, 
c, d, e, Y will touch the circumference, 
Regular polygons derive their names from the number of their 
fides or angles at — center of the circle they are inſcribed in; 
chus a polygen of © ſides is called a pentagon, of fix fides a hex- 
agon, of 7 _ a Ptagon, of 8 fides an oRagon, &c. 
Fig. 15. De,. 27. An irregular polygon has many nn. lides, and- 
img at unequal angles, as ABCDEFG. 
. AN irregular — een may be reduced to regular figures, 
drawing Fin nal lines in them ; thus the polygon ABCDEFG, 
the —— GB, BF, FC, and C E being drawn, will be 


reduced to five ranges, vis. ABG,GBF, BFC,FCE, and 


CDE. 
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'GEOMETRICAL PROPOSITIONS. 
' PROPOSITION I Prone, 


T a piven int in a right line, as o), to make an + 
i Alage pie pes E.) : 7% 1 
Ypen your compalies to" ay convenient diſtance, and from B 


Ster. II. GEOMETRY. 25 
as a center, deſcribe an arch, as sf; with the ſame extent de- PI ArR 
ſcribe the arch f g, from the center 0; then take the chord : _ L 
your compaſſes, and ſet it off from | to & in the arch /g. and 
draw the line 0 4. and nn ABC, and of, will be 
ual. 14 
hy, an angle of any number of degrees may be made, | for 
if with the radius of any divided circle we deſcribe an arch- (as 
In) from the point C, as center, in a right line, as C B, and 
then take the quantity of the given angle {ſuppoſe 20. degrees) 
trom the divided circumference of that circle by whoſe radius the 
arch was deſcribed, and ſet that off upon the arch from I to , 
and draw the line Cm, Cl will be the angle required; this 
in effect is making one angle equal to another given one, for 
any angle may be found in the divided circle by drawing two ſe- 
midiameters to two points in the diviſions, 3 the meaſure 


thereof in the circumference. 
If the angle is I made, deſcribe an arch as before to 


meet both ſides le, the extent of this arch meaſured 
upon the - divided he bs will give the quantity of the 


* 2 5 


PROPOSITION. V. 1 


17 two right lines interſe& or cut one another, the oppais 1 Gs 
„angles will be equal; the contiguous angles, as a and c, taken 

ther will make 180 degrees (by Inf. 3, Def. 16) but if inſtead o. of 

c we take 4, the ſum of the angles @ and d will likewiſe be 1 80 

_ degrees, therefore c and 4 muſt be equal; for the ſame reaſon, as 

the angles cor d, added to the angles 2 of b, will make 180 de- 

grees, it will appear that thoſe oppoſite angles ate likewiſe equal. 

Io illuſtrate this by numbers, let the angle 2 be 30 degrees, 

this ſubtracted from 180 will leave 1 5o, for the angle c, and the 

angle 4 will likewiſe by the ſame method be found 150, 832 — 


150 ſubtracted from 180 wil leave zo for the angle 3. 
PROPOSITION III. - Twzonew... 


If a right tine GH Gregs 7" AB and CD, the Fig.18. 
| fite angles G E B, CF H, will be equa | 
. n (8) linss A B, and OD; parallel by con- 


SY OR may be conlidered as one cas fs, 8 


: 


7 
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Fig. 19. 


Fig 18. 


Fig 20. 


G EOUHE TRT. | Car. II. 


the line G H, then the angles GE B, and CF H, will be e- 
qual by the preceding, and if the angles are equal, the lines will 
be parallel; for | ſuppoſing A B not parallel to C D, let the line 
LM be drawn, and l, parallel to C D, then will the angle 
GEM be equal to but this was ſuppoſed equal to 
GEB, n GEM = GE B, which is impoſſible. 

Inf. 1. If a right line, G H, cuts ſeveral parallels, A B, C D, 
E F, I K, it will make all che inward angles on the ſame ſide 
of the ine equal, that is, the angles, 1, 2, 3, will all be equal to 
the angle G RB, and therefore will be equal to one — 
this will likewiſe hold true with regard to the angles + 57 6 bor 
they will all be equal to the angle A R G. 

Inf. 2. The alternate oppoſite angle will at be Fe 
that is, the angle AE H will be equal to DF G, which may 
be thus proved, G E B is equal to C F H, by this propoſition; 
it is alſo equal to AE H, by Prop. II. therefore A E 1 is AN 
i ne CF H, equal to BEG A 2; 


"PROPOSITION. IV. W 


If the diameter or radius of a ks cuts any chord into two 
equal parts, it will be perpendicular thereto, and a perpendicular 


wy . 
n 


74 . — a. chord into two equal parts will paſs through. the 


1 8 | line D 4 being ſuppoſed, perpendicular to A 


Ws #44 þ be the die of the chord AB, through which draw 
ping aria OD, draw alſo the dotted lines C.A and C B, thoſe 
lines (by Def: 12.) will be equal, the points A and B are equal- 
ly remote from 4 b 5 and therefore the line Chis 
perpendicular to AB (by Def. N 

Let ô be the middle of . and 8 b perpendicular to 
it; I fay it muſt paſs through the center, for ſuppoſe it paſſes 
through the point f, then the lines / A, and / B, would not be 

* n : line hine f would not be perpendic ir to. AB, 
ich is contrary to the ſuppoſition, Tr OR TOR 

Inf. 1. The perpendicular that divides the chord into two e- 

val parts, alſo divides the arch into two equal parts, for the 
EL the. chords DA 


and D will be equal, and therefore the arches will be equal. 
If. 2. If two chords are biſſected by two 1 1 thoſe 
perpendiculars will interſect one another in the: center of 71 circle. 

R OF. 
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- BRWE Y. THEOREM. 


If a right line A D be drawn to touch the circumference in 


the point B, and from that point the chord B F be drawn; the Fig. 21. 


angle AB F, made by the chord and tangent A D, is meaſured 
by half the arch F E B, of which B F is the chord. 
To demonſtrate*this, draw the radius C E perpendicular to 
the chord BF; this will biſſect the chord and arch (by the pre- 
ceding); ſo B E is half the arch FE B, and is the meaſure of 
the angle B CE; all that remains to be proved then is, that the 
angles A B F and BCE are equal. EE 
Draw the radius CB to the point B, which will be perpen- 
dicular to the line A D, becauſe the radius is the ſhorteſt line 
that can be drawn from the center to the circumference ; there- 
fore the angle A B F, together with the angle F BC, will be go 
degrees: Draw the diameter L G parallel to the chord FB, which 
will be perpendicular to E C; therefore the angles EC B, and 
BC L, taken together, will alſo make 90; but the angles B CL 
and F BC are equal, being alternate to the parallels B F and 
GL; and if each be ſubtracted from go degrees, the remainders 
ECB and ABF will be equal. | | F747 
Jo illuſtrate this by numbers, let the arch F E B be 80 de- 
grees; then the arch E B will be 40 degrees = the angle at the 
center (7); and becauſe the angle ECL is 9o degrees, the angle 
a muſt be 50 degrees; again, the lines FB and G L being pa- 
rallels, and the line CB croſſing them, the angles à and & are 
alternate; the angle d muſt therefore be 50 degrees 4; now as 
the angle ABC is go degrees, the angle A BF muſt be 40, 
which is half the arch FEB. | 8 FE 
In like manner the angle F B D will be meaſured by half 
the arch FGHLB; for the line F B makes two angles 
with the line A D, therefore (% Inf. 3. Def. 16.) the angle 
FB D will be 140 degrees, which is half the arch FG HL B, 
for the arch FEB is 80 degrees by: ſuppoſition, which ſubtract- 
ed from 360, the whole number of degrees in a circle, there re- 
mains 280 for the arch FGH LB, the half of which is 140. 
his propoſition ought to be well attended to, for the following- 
ing propoſitions will be clearly demonſtrated by it. 
| | o PR OF, 
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An angle at the circumference of a circle is meaſured by half 
the oppoſite arch; that | is, the . BA C is meaſured by half 
the arch BD C. 

Jo demonſtrate —çꝗ— 1 the line G F to touch che circle at 
the point A, then the three angles G AB, BAC, CAFE, taken 
together will make 180 degrees (by Inf. 5. Def. 16.); the three 


lines BA, AC, C B, divide the whole l into three 


'arches, BEA, AIC, CDB; therefore the halves of thoſe 


arches added together will make 180 degrees; but B A & is mea- 
ſured by half the arch BE A, and the angle F A C is meaſured 
by half the arch AIC (by. the preced.) and what remains to 
compleat the 180 degrees is half of the arch C D B, which muſk 
therefore be the meaſure of the angle BA TW. 

Iz. 1. The three angles of any rectilineal triangle added to- 
gether will · make 180 degrees; for being inſcribed in a circle, the 
ſides will be chords, and will cut the whole circumference into- 


three arches, the halves of which arches are the meaſures. of 


Fig. 23. 


Which Joins the two equal — 


their oppoſite angles; the angle at A is meaſured by half the arch 


B D C, the angle at B by half the arch AIC, and the angle 
at C by half the arch AE B. 


Inf. 2. The angle at the center is double the angle at the cir- | 
cumference, if they ſtand upon the fame arch; the angle at the 
center O is meaſured by the whole arch BE A, and is therefore 


double the angle at the eircumſerenee at C, which is meaſured 
by half the ſame arch. 


In, 3. I ſeveral 1 made at different * e e 
circumference, and all ſtand upon the ſame arch, they will all 


be equal; and a the arch i is a nen they will all be. right | 


angles. - 
The angles at the be 7pm are all equal, es they 
ſtand upon the ſame. arch AEBDC; and'the angles at the 
1 354,5, 6, are all 90 degrees, becauſe they all ſtand upon the 
ameter A D, which divides the circumference into two equal 
parts, and therefore 180 degrees each. 
Inf. 4. In an iſoſceles triangle, the angles at the baſe are e- 


dual: that is, the angle at B is equal to the angle at C. 
N. B. By the baſe of an iſoſoeles 8 meant . fide 


In 


Sec. II. | GCEOMETRY. 
In an equilateral triangle all the three angles are equal. 
If. 5, If in two triangles two ſides of the one be equal to 


„ 
PrAar R 


J. 


two ſides of the other, each to each reſpectively; and if the an- Fig 24. 
gle formed by thoſe two ſides be alſo equal, their baſes and the 


other two angles will likewiſe be equal. * 
In the triangles A B C, and D E F, let the fide A C be equal 
to D F, the fide A B equal to D E, and the angle at A equal to 


the angle at D; then the angle at E will be equal to the angle 


at B, and the angle at F equal to the angle at C, and the fide 
F E equal to the ſide CB; for let each be inſcribed in a circle; 
becauſe the angles at D and A are equal, the arches on which 
they ſtand will be equal, of which FE and CB are the chords, 
and therefore they muſt be equal; and the chords DF and A C, 
being equal, the angles E and B muſt be equal; and the fame 
may be ſaid of the angles at Fand C. 5 


This demonſtration ſuppoſes the circles to be equal, which may be 


 _ thus proved: The arch ſubtended by the chord B C, and that 
ſubtended by the chord E F, contain the ſame number of de- 


grees, becauſe the angles at A and D are equal; the other two 


. arches ſubtended by the chords A B and A C, will contain as 
many degrees as thoſe ſubtended by the chords DE and DF; 
But theſe chords are equal; therefore, the arches, and of conſe- 
-  . quence the circles, are equal, 1 
Inf. 6. If in two triangles two angles of the one be equal to two 
angles of the other, each to each reſpectively, and a ſide of each op- 
polite to the ſame angle be alſo equal, the triangles will be equal in 
all reſpects; and if all the reſpective ſides of any two triangles are 
<qual, their angles, and conſequently all their parts, will be equal. 
ib, fs. PROP. VII, Tuzorrm. 3 . 
If between two parallel lines A B and C D, any two lines, as 
In, rs, are parallel to each other, thoſe lines will be equal, and 


the diſtances between the points of interſection vm, will like- 


Io demonſtrate this, draw the perpendiculars In, t, which 


(y Def. 7.) will be equal; the angles at u and r being both 


right, are likewiſe 0 al; the angles at ſund are alſo equal 
(by Inf. 1. Prop. 3.) therefore the triangles t, and Inn, will 


de equal in every reſpect, (y ink 6. of the preceding) the Hes, Z 
3 1 1 5 . * - 
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GEOMETRY. Cxar, II. 
therefore /m and 7's will be equal; and if to the equal ſides 


m n, t, be added the line ns, s mand t n will be equal; but 
u is equal to/r; * Ir and s m will be equal. 


PRO 5 VIII. Turon rss FL 02 26 


5 In any y triangle as ABC, if the fide A B be FRI LED to D, 


and A D is double of AB; if the line DE is ee arallel to 
B C, then will A E be equal to twice A C, and D 3 equal to 
twice BC. 4 

To demonſtrate this, draw the line C F parallel to AD; then 
CF will be equal to BD (by Prop. 7.) = A B by ſuppoſition ; | 
the angle CF E is equal to the 1 AB C; for the angle at * 
is equal to either of 8 (by Inf. 1. Prop. 3.) and the angle at 
A is equal to that at C; therefore the vines ABCandCFE 
will be equal in all reſpeRs, VIS, CE= Bobs FE=BC= 
DF. ander AB... - 

After the ſame manner it may be proved, that if A D con- 


tain AB any number of times, A E will contain A C, and DE 


will contain B C the ſame number of times. 


Inf. 1. In any triangle, as A BC, ifa line DE is wn pa- 


enn will be to AD as ACisto 


A E, and as BC to D E. 5 
To demonſtrate this, let the line A be 4 4 756 A B. then D E 

will be 3 of BC, and AE of Ae. 

Divide the line A B into four canal parts: in. the * I, 2, D, 

through which draw lines parallel to A C to meet the line C B 


in the points Fe; through theſe e lines parallel to A B to 


meet the line A C in the points E, 7,8; * lines will form 


the angles BD, Bec, e fa, FCE, will be equ 


10 equal triangles; for the lines Ef, 7 e, 8 5, _ parallels, 
and the 
angles CfE,Fe a, eh c, 6B D, will likewiſe be ae z the baſes 


DB, b, à e, Ey, being between the ſame parallels, are alſo e- 
. goal therefore the triangles are equal in all reſpects, and C /, 


e b, and 6 B, will be all equal; but C F is equal to E 2 
Sac D; now C B contains Cf four. time, and DE con- 
tains its equal E à only three times; therefore D E is; of B ©; 
again, A C contains CE four times, and AE contains its equal 
E 7 three times; therefore A E is ⁊ of A C. 

To illuſtrate this FR nn let the ſide A 0 be 40, the fide 


* 


Ser. II. GEOMETRY. | „ 
Ag 32, and the ſide BC 52, and let the line DE be drawn Prarz 
rallel to BC; if any one of the ſides of the triangle EAD I. 
be given, the other two may be found by the rule of three. For Fig. 25. 

AD (being 4 of A B) 4 by ſuppoſition, it will be 
AB: BC:: AD: DE dN 0 
3 r oO 1 . 
AB: AC:: AD! nts * 
8 a o 204 5; 7 IG 
If the fide DE (BCS) 39 by ſuppoſition be given, 
Then BC: BA:: DE: DA n irn 
5 : „ 7300 5-04 
And 5 C: CA: DE: EA 
„ „FVV | 
It the fide A E ( AC) = 30 by ſuppoſition be given; th 
$1746 en AC:AB::AB:AD' e 
4. 2 $0938 5140-5 24 © 75 | | 
And FAC:CB::AE:ED | _ 
NO 
if. 2. As the radius AD is to the radius AB, ſo is the chord 
DE to the chord BC; for the lines DE and B C are parallel, Fig. 26. 
which may be thus proved, £45523 00 to noBouleo) off - 
In the triangle ABC let the angle at A be 40 degrees, then 
the angles at B and C wilt be 70 degrees each; and as the angle 
at A is common to both triangles, the angles at D and E will 
likewiſe be 70 degrees each; therefore the lines BC and DE 
will make equal angles with the line A B, and conſequently will 
be parallel. hs . . hor 3 e 1 4 AS % @ Des 4 | 
Hence, as the radius of any circle is to the radius of another 
circle, fo is a chord of the firſt circle to the chord of the ſame. 
number of degrees of the ſecond circle; and if two triangles are 
ſimilar, that is, the angles of one equal to thoſe of the other re- 
ſpectively ; then the ſides about or oppoſite to the equal angles 
will be proportional; for being inſcribed” in a circle, their re- 
ſpective ſides will be chords of arches of an equal number of 


EA 


degrees. A 
7 7 1 1 3 ; * 7 L . 4 
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To make a triangle whoſe ſides ſhall be three given lines (of 


which any two put together muſt be greater than the third.) 
Let the given lines be A B, CD, EF. 


Make the line G H equal to any of the given lines, ſuppoſe EF; 


when take either ofthe other two lines, as CD, and from the point 


Fig. 6. 


G, as a center with that extent, deſcribe an anch, and with the ex- 


tent A B from the point H, as a center, deſcribe another arch to 
cut the former in L; draw the lines GL and HL and the tri- 
angle G H L will be the triangle required. 4 


Ro N Prom.” 


To make an equilateral triangle upon any given line, as AB. 

Take the line A B in the compaſies, with that extent deſeribe 
an arch from the point A as a center, and with the ſame extent 
from the point B, as a center, deſeribe another arch to cut the 
former, in the point C; draw the lines AC, and BC; then will 
the triangle A B C be equilateral, and each fide equal to the given 


line AB. 


Fig. 28. 
A 


\The'demonſiration of both theſe propoſition is manifeſt from 
the conſtruQtion of the triangles. 5 

PROP. XI. PronLeM. | | 
. point D, e | 
Take any point C, at it pleaſure ; ; - from this as a center deſcribe 


a circle to paſs through the point D, and to cut the the line AB in 
E; through the center C, from E, draw a line to cut the arch in E, 


and EF. will be the diameter of the ſemicircle E D F; draw the 


G 
| PROP. XII. PronLEM.. | 
From any given point F to let fall a perpendicular t a given 


5 line, as A 


enter, wich the extent C E=CF, 9 an arch to cut the 


r AB any where, 
as at E; biſſect the line FE; upon C, the middle of the line, asa 


line 


% 25 W's 
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line A B in D; draw the line FD, and it weil be he perpendi- PLaTz 
cular required. | I. 
This is only the reverſe of Prop. 11. | 
All that is neceſſary to illuſtrate theſe two propoſitions is to 

prove that in the triangle ED F the angle at D is a right one; 

this is evident from I,. 3. Prop. 6. for the line E F being a 
diameter, and the angle at D being at the circumference, it is 
therefore a right one. 

In practice there is no occaſion to deſcribe the whole circle ; 
it will ſuffice to interſect the line AB in E, and draw a ſmall. 
arch, as /g, oppoſite to the points E and CC 

When the point D is not near the end of the line, the perpen- 
diular may be raiſed thus; from {et off two points L M equally 
remote from D; from M as a center, and with any convenient 
extent of the compaſles exceeding M D, deſcribe an arch, and 
with the ſame extent from L, as a center, deſcribe another arch 
to cut the former in F; the line F D being dravn, wilt be the 
; ndicular required. 

Ve But if the point F be given; from FE, as a center, deſcribe an 
arch to cut the line A B in L and M; from which points, as cen- 
ters, deſcribe two arches to interſect euch other in N; draw the 
line FN, which will cut the line BA in D; -_ _ 4k be 


perpendicular to A B. 
P R O P. XII. Prone. 


Te tees) given e Mae (N Ahe eee beer Fig. 29. 

From the points A and B, as centers, deſoribe two arches to 
interſe& each other in D; and wich the ſame extent deſcribe two 
arches to interſect each other in C; ti line DC ä 
will cut the line A B into two equal parts OT 


PRO P. XIV. | ProBLEM. 8 


Theo- any thee given peine. k. not lying in a 15 
line, to draw a circle. g © che rig 2 
Join the points A B, BD, with, cight nes divide thoſe lines 
into two equal parts; dra the perpendiculars F n, G 7, and 
let them „Evil be . Sy pant of 


mad. 
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Pr ar muſt be chords; and if any two chords are biſſected by two 


4% WM they will, if produced, meet at the center, by Df. 


| By I cha problem it is evident, that if any three points. are taken 

in the en eee of a given circle, the center may be eaſily 

found; and if the ſegment of any circle is given, the circle may 
de compleated, by taking any three Xo in the given ſegment, 

and then MEWS as before. 


5 R 0 P. XV. . 
Fig. 31. 1 eng a given point F to draw a ling parallel to a | given line 


Draw the line FG at pleaſure; at the point F make the angle 


RT DF G equal to FG B, the line D F being drawn, will be pa- 
5 rallel to che line A e becauſe the anne angles are equal, by 
Prop. 3. 


This may be Song "without drawing he line F G, thus; open 

the compaſies till with one foot fixed in F, the other may cut the 

ine any where, as in B; then with the ſame extent, from any other 

point in the line, as G, deſeribe an arch; and with the: extent G B 

Un from F, as a center, defaribe an arch 'to cut the mer! in D; the 
# | | line F D will be the Parallel required. T | 


DEMONSTRATION. 


In the triangles DG F and BGF, the fide GB is DF, and 
F B =D G, and FG common to both. Therefore the triangles 
are ſimilar, and the alternate angles G FB and F GD are equal; 
and therefore * HD and ON are parallels, by Prop. 3. 
— N \ 
P R 0 P, XVI. Petre by: Bo 
Fig. 32 To find- a line EN ſhall be a fourth proportional to three 
* given lines, as AB, CD, EF. 
25 Upon the line LM take * AB, and draw the line g . 
making any angle at pleaſure with the line LM, and make g 5 
DC. Set off EF from L to N, and from the point N draw a 
line parallel to bg; through the point 5 draw the line LO, then 
1225 | oo 0 N be the mon N 24 2 TOE 1 
5 2: For 
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For in the triangle LN O, g Bis parallel to NO by conſtruc- Prate 
tion, therefore Lg (AB): * FR SO} > LN (=EF) : L 
N O. (by Tf. 1. Prop. 8.) | 
Tf it was required tofinda third -oportional to two given lines 
(as AB and CD), proceed in the ſame manner, only take L l = 
g b, and draw the line I K parallel to gh, then it will be 
Lg:gh::LI:IK the third a en 8 


P R 0 P. XII. ProBLEM. ; 


To "OY a mean: proportional betwixt two given lines as A B, Fi 8 


. 
Upon the line L M ſet off LN = AB, and NO = „ bi- 
ſect the line L O in C, upon which, as a center, with the extent 
CO = CL, deſcribe a ſemicircle. | ; 

From the point N erect a perpendicular, chis will interſect the 
ſemicircle in the point E; the line EN being drawn, will be : a 
proportional to the lines LN =AB, and NO = CD. 


5 DEMONSTRATION. aw Ho 


The iy LEO and LENZ are ſimilar, far . angle LEO 
is a right one (by / 3. Prop. 6), the angle L NE, is alſo 
right by conſtruction; and the angle at L is common to both, 
therefore the angle L E N is equal to the angle at O, the triangles 
LE N and E N O are alſo ſimilar, for they have each a right an- 
gle at N, and the angle at O in the one is equal to the angle LEN. 
in the other; hrs ok the angle at L will be equal to the 18 
NEO; therefore L'N : NE::NE: N O by Inf. — Prop. 8. 


P R O 1 2 XVIIL THEOREM. ; 


The radius of any circle, is equal to the chord of ere er 
the ſame circle. 


DDE HSTRATION. 


Upon the radius A C:make an equilateral triangle A B C, 10 Fi | 
(hr bf 6 Prop. 6.) the angles at A, B, and C will be all equal, 8.54 
conſequently 89 de rees each, . A B is 4 chord ofthe ard 3 


PRE * i 


4 1 
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PLaTE meaſures the angle at C; which is 60 degrees; therefore the chord 
5 I. AB of 60 degrees, | is equal to the radius A C or BC. 
Fig. 35. 


. XIX. THEOREM. 


8 or triangles, beak the ſame or equal baſes, and 
being between the ſame parallels, are equal. | 


DEMONSTRATION. 


Let the parallelograms be AB CD, and CEDF. 

5 35. Becauſe the ſides C E and D Fare equal, and parallel by con- 

ſtruction; the angles A E C and BF D are equal (by Prop. 5 J and 

becauſe A B and E F are alſo equal, if BE is added to each, then 

AE muſt be equal to B P, and as A C is equal to B D, therefore 

the triangles AEC and BF D are equal in every reſpect, and if 

the common triangle B E O is taken away from each, the planes 

ABC O and EFI FD O will remain equal; to each of which planes, 

if we add the triangle COD, the Cm ABCD, and 
CE D F become equal. 

Nence it appearWthat any two trian les (as CDA, 0 DE) land- 
ing upon the ſame baſe 0 N 7 between the ſame parallels 
(AF, CG) are equal; for they are halves of parallelograms of the 

fame baſe and altitude (as ABC D and C DEF). 

It is evident from this propoſition, that we may make a right 
angled triangle equal to any given oblique one, for if we draw a 
line, as & F parallel, to either of the given ſides, as C , through 
the oppoſite angular dee E, and erect a per icular at either 
end of the fame fide Cor D, to meet the parallel in A or B; then 
will the right angled triangle CBD = CAD, be equal | to the 

oblique one C D E. | 

. Fig. zo, It likewiſe evident from hence, chat the a EF GH, 

12. is equal to the rectangle E Fx x, and that the rhomboides N G 
P Q, is equal to the rectangle Nu Pp; and conſequently that, by 


1 = 5 | the ſame l we may a a 2 2 to any given 


> n 02 


% 
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Fig. . I right angled triangle ABC, the ſquare of the longeſt —Y 
A wag (called the kyporenuſe) is equal to the 9 of both 
the 


' Sxcr; II. GEOMETRY. 


the other fides A B, BC EG the baſe and perpendicular) taken 
together. 


DEMONSTRATION. 


The ſquare A CHI, whoſe ſide is the „ AC, is e- 
ual to the rectangles AHF G, and FGIC taken together ; ; 
therefore all that we have to prove is, that the ſquare BCD E is 
to the rectangle F G I C, and the n AB KL to the 
rectangle A HF G. 


Firſt it is evident, that the triangle BCI is one half of the rect- 


angle FG IC, it is alſo equal to the triangle B C D, becauſe it 

ſtands upon the ſame baſe BC C, and between the fame parallels 
B C, ED; now the triangle B CD—BCI1I, is one half of the 
ſquare BCDE, therefore the whole ſquare BCDE, is equal to 


the whole rectangle FGIC, each being double the equal trian- 


gles BCI, BCD. 

In like manner, the triangle A B H half the rectangle A G H F, 
ſtanding upon the ſame baſe A B and between the ſame paral- 
leſs A B, L H, is equal to the triangle A KB, which is one half 


of the ſquare ABK L; therefore the ſquare A BK L, and the 


rectangle A HF G being double of the equal triangles: A BK, A 
B H, are _ betwixt themſelves. 1 


I - 
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GEOMETRY. cn ar. Iv. 
CHAP Iv 

3:0f the Conſtruction and Menſaration of Geometrical Figures. 
He des Ae 0 the principles of geometry, we come now 


to ſhew their uſe in the conſtruction, and menſuration of 
all plain figures, which we ſhall reduce to three claſſes, vi. 
1. Thoſe that are limited by three right lines, called triangles. 
2. Thoſe that are limited by four right lines, called quadrilaterals. 
=1] 77 Thoſe that are limited by many right lines, called polygons. 
athematicians ſuppoſe all plain figures that incloſe any part 
of ſpace, to be comprehended under one of theſe denominations, 
for curvilineal figures are ſuppoſed to be limited by an infinite 
number of right lines; we ſhalt begin with triangles,” as no fi- 
gure or ſpace * bounded by right lines, can have fewer than 


three ſides. 
* 2 ; 1 
| Es 3 F heirs YA „ aa t 
172 93 : 8 4 E i $4 ; T * 7 1 1. 6 a 1 
; . 1 4 5 2 os ; 2 ? > 
N JF e i „ £51.80 335 TS, LY 
. 1 G CAST = 1 8 „ % 5 3 + VF, YEP 8 
 Reefiltneal Trigonometry, or the Conſtruction of Right lined Tri- 


the ſides and angles of triangles, and is one of the moſt uſe- 
ful branches of the mathematicks ; for as every triangle confiſts 
of ſix parts, viz. Three ſides and three angles, and it often hap- 
pens that ſome of them are unknown, yet if any three of them, 
provided one be a fide, be known, the other three may be found 
by this art, either geometrically by ſcale and compaſſes, or by an 


: 1 is that ſcience by which we learn to meaſure 


_ arithmetical calculation. It is either rectilineal or ſpherical, we 


ſhall only treat of the firſt. 1 

In order to delineate any triangle, it is abſolutely neceſſary 
to have a ſcale of equal parts to meaſure the ſides by, and a line 
of chords for meaſuring the angles, theſe and the lines of ſines, 
tangents, and ſecants, and ſeveral others, are laid down upon the 
plain ſcale ; we ſhall firſt explain theſe terms, and then ſhew ho. Ʒ 
to conſtruct the lines. J Wig 


that part of the line B M produced, intercepted between the point FM 
B; at that end of the arch to which the radius is drawn, and the 


other end of the arch, interſects the tangent line BM produced; 


ſults the ſame line. 
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= | | | PLATE 
D EE NET 0M E 
1. The RIGHT $INE of any arch is a perpendicular line drawn 


5 77 4: Fig. 37. 
from one end of it, to a radius or diameter drawn to the other end; 8˙37 


A is the right fine of the arch A B, or it is half the chord of 


double that arch; for taking the arch BI equal to A B, AI will 


be the chord of the arch ABI; of which the fine AD is one half. 


2. The SINE COMPLEMENT of an arch is that part of the radius 
intercepted betwixt the right fine and the center; thus, C D is the 
ſine-complement of the arch A B, for it is equal to F A; the right 


ſine of the arch E A, which is the complement of the arch A B. 


3. The vE&SED SINE, is that part of the radius, intercepted be- 
tween the right ſine and the circumference; DB is the verſed fine 
of the arch A B. The verſed fine and. the fine complement both 
together are equal to the radius. e 
4. A TANGENT to a circle, is any right line ſo drawn as to 
touch the eircumference in any point (B), and if to this point be 
drawn a radius, it will be e to the tangent; thus BM 
is a tangent to the circle in the point B, which may be produced 
to any required length, and the tangent of any arch, as A B, is 


point H, where a line drawn from the center C, through A at the 


w * . 


F. The 5EcCanT of an arch is a ftreight line drawn. from the . 


"= - 1 


therefore H B is the tangent of the arch A B. 


center through one end of the arch, produced till it meet a tangent _ 


drawn from the point B at the other end of the. arch; ſo. HC is 
the Gant het, 8 N 
The ſine, tangent, and ſecant of the complement of an arch, 


are called the fine · complement, tangent-complement, ſecant- 


complement, or co- ſine, co-tangent, co-ſecant.; C R is the co- | WW 
ſecant; ER is the eotangent; A F the co-ſine of the arch AB, — 
and the fine of the ſupplement, of an arch, is the ſamèe with that | 
of the arch, for being drawn according to tlie definitions there re- 
Hence the fine of 90 degrees is equal to the radius, for it is 1 £0 
half the diameter by the definition of a fine, and is the greateſt : 1 
of all the fines; the ſine of 30 degrees is half the radius, for it is | 
half the chord of 60 degrees, which was proved to be equat to 


* 
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Prarx the radius; the tangent of 45 degrees is equal to the radius, for 
I. let the angle N CE, or NC K be 45 degrees, N K the tangent, 
Fig. 37. and E C the radius, are parallel, being both perpendicular to the 

diameter K B; but NE and K C are allo parallel, being both 
| pena to the diameter EC; and therefore the tangents 

NK and NE are equal to the radius. 15 


Construction of the Lines on the plain Scale. 
I. Tu Ling of EQUAL PARTS. - 


P.ars This may be made of any length, as A B, and divided firſt into 
II. ten equal parts diſtinguiſhed by the figures 1, 2, 3, &c. Then each 
Fig. 1. of thoſe divifions muſt be ſubdivided into 10 equal parts, ſo the 
| whole line will be divided into 100 equal parts; the figures 1, 2, 3, 
Fc. denoting: 10, 20, 30, Sc. of thoſe parts, there will be no ne- 
ceſſity for numbering the ſmall diviſions betwixt the figures; but 

for the better illuſtration of the ſcale, we ſhall diſtinguiſh thoſe 
between A and 1, by the letters of the alphabet. Any number 
leſs than 100 may be readily found on this line, for if it be leſs 
than 10, count as many ſmall diviſions beyond the beginning of 

the line or point A, as there are units in the number, as, if 6 were 
required, it will be at the point /; if 60, at the figure 6; if 66, 
count 6 ſmall diviſions beyond the figure 6, and you will have the 

point required. ie BE 3 

If the number exceeds 100, the ſmall diviſions muſt be ſubdi- 
vided again each into 10, but the length of our line will not ad- 
mit of theſe; we ſhall therefore make uſe of diagonals, by which 
means any number under 10,000 may be had with as great certain- 
ty, as if the line A B were actually divided into 10,000 equal parts. 
To perform this, let there be 50 lines at equal diſtanees from 
one another, drawn parallel to A B, and having compleated the 
parallelogram AB C D, let the lower line C D be divided exact- 
' ly like the upper line A B, into 100 equal parts, and numbered 
1, 2, 3, Cc. and draw the diagonal A 72. Be ns FE 
Now the portions of the parallels, 10, 20, 30, &c. intercepted 
betwixt this diagonal and the ay A C, will be 1 tenth, | 

2 tenths, 3 tenths, &c. of the line C; for in the triangle A Ca; 
let Ca be the baſe, then the portions of the parallels 10, 20, &c. 
will be baſes of as many triangles, ſimilar to the triangle A Ca; 
therefore AC :Cea :;: A 10: the portion of the parallel 10, 
| | . | inter- 

is I» 
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intercepted betwixt the diagonal A a and perpendicular A C, but Prarz 


A lo is the tenth part of A C by conſtruction, therefore the por- 


tion of the parallel 10, is the tenth part of C a, or the thouſandth Fig: 1. 


part of the whole line CD or AB; the figures 1, 2, 3, &c. de- 
note 1000, 2000, 3000, Cc. and s, b, c, 100, 200, 300, &c. of 

thoſe parts. 5 s 
Again, if there were 9 parallels drawn betwixt the line A B 
and the parallel 10, it is plain the portion of that next to the line 
A B, intercepted betwixt the diagonal Ca, and perpendicular 
AC, would be the tenth part of the portion of the parallel 10, 
intercepted betwixt the ſame lines, or the 10000th part of the 
whole line CD or BA, In the plate we have only four inter- 
' mediate - parallels numbered 2, 4, 6, 8; ſo their portions inter- 
cepted betwixt the diagonal Ca, and perpendicular A C, will be 
2, 4, 6, 8, of thoſe parts. 8 | | 

By theſe means the lines A B and CD, are in effect, divided 

into 10,000 S rr Þ ale ; the figures 1, 2, 3, &c. denote 1000, 
2000, 3000, Sc. the ſmall diviſions on the lines AB and CD, 
betwixt thoſe figures will be hundreds; the tens are not transfer- 
ed to the lines AB and CD, but may be had at the interſections 
of the parallels 10, 20, 30, &c. with the diagonals. If the units 
are even, they may be found at the interſection of the diagonals, 
and the intermediate parallels, but if they are odd, as 1, 3, 5, 
&c. half the diſtance in the diagonal, muſt be taken betwixt 
thoſe parallels. To compleat the ſcale, there mnft be diagonals 
drawn from all the diviſions in the line AB to the line CD, pa- 
rallel to that drawn from the point A in the line A B, to the point 
J..... 8 

It will be very eaſy to find any number under 10,000 upon this 

ſcale, as in the following examples, vis. F 
For units, look for the parallel below the line A B, betwixt 
the point A and the parallel 10; thus, to find, look for the third 
parallel, its interſection with the diagonal A a (which is the firſt 
of all the diagonals) will be the point required; this parallel in 
the plate is numbered 6, but the odd numbers muſt be found 
betwixt the parallels; for inſtance, the number 7 will be in the 
ſame diagonal A a, between the parallel 6 and the parallel 8. 
If x0, 20, 30, &c. be required, look for the interſeckions of 
the parallels ſo numbered, with the firfl diagonal A 4, and you. 
will have the point required. If the given number is 12, _— 


d 
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PLare find 10, and the interſection of the parallel next below that, with 


II. 


the ſame diagonal will be 12; the number 25 will be in the 


middle of that part of the diagonal betwixt the ſecond and third 


parallel below the parallel 20; ſo that if the number be leſs than 


100, it will be in the firſt diagonal; if it exceeds 100, and is leſs 


than 200, it will be in the ſecond diagonal; and if leſs than 1000, 
it will be in ſome of the diagonals, drawn from the ſeveral 
points @, b, c, d, &c. between A and 1, in the line AB to the line 
CD, thus the number 600 will be the fixth tmall diviſion from 
A towards 1; but if 606 is required, it will be found at the inter- 


ſeection of the third parallel (numbered 6) with the diagonal Fg; 


and where the ſame diagonal interſects the parallel, 60 will be 
the point for 660 ; and the middle of that part of the ſame diago- 
nal, 'betwixt the third and fourth parallel below that of 60, will 
be the point for 667. | | | 5 | 

The number 6000 will be at Fig. 6: in the line A B; 6700 
at the ſeventh ſmall divifion beyond Fig. 6. in the fame line ; the 
number 6750 will be at the point where the diagonal drawn from 
the point 6700 in the line AB, interſects the parallel 50; and 
where the ſame diagonal cuts the third parallel below the parallel 
50, will be the point for 67 56. hs, 
The diagonals upon Gunter's ſcales, conſiſt only of eleven pa- 


rallels ; the upper and lower are graduated, the one into inches, 


numbered 1, 2, 3, &c. to 9; the other into half inches numbered 


I, 2, 3, Cc. to 18; ſo there are no ſmall diviſions betwixt the fi- 

ures, but there is an inch before the beginning of one line, and 
half an inch before the beginning of the other line, divided into 
ten equal parts in the upper and lower lines; and diagonals drawn 
as in that, in the plate, which will divide the inch and half inch 


each into 100 equal parts; ſo that if the os betwixt the figures 
be 100, thoſe betwixt the diagonals wi 


be tens, and the units 
will be at the interſection of the diagonals and intermediate pa- 


rallels ; one example will ſuffice to ſhew how to take off any num- 
ber by this ſcale: Suppoſe 748, firſt find the figure 7, and ob- 


ſerve where the perpendicular, from that point, interſects the 
eighth parallel from it, there fix one foot of the compaſſes, extend 


- the other to the interſection of that parallel with the fourth dia- 


gonal, and you will have the extent for 748. Es 
There are ſeyeral other lines of equal parts which are gradua- 


ted, and numbered exactly as the upper or lower line of the dia- 
as . e 
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gonal ſcale, and the diviſions and ſubdiviſions are in tens; but as Pr Arx 
one inch is the twelfth part of a foot, the diagonal ſcales for feet II. 
and inches, conſiſt of ſey parallele, the upper and lower lines Fig: 4. 
are numbered as in the cher dis gonals; the ſpaces betwixt 
the figures are to repreſent 1 Sch fa ſe one inch in 
the upper line 8 T, and half a 4 in Hb ower line N O: 
They are numbered I, 2, Cc. tk e one contrary to the o- 
3 as ü apon moſt of th he, * Wrights rules. Set off half an, 
to the right fro LG 158. A be of the lower line to 
03 hn one 1115 to the left from 8 beginning of the upper, 
Une to n; then dray af io ie Es . 
ther one inch on the 6 line, 3 to meet in the lower line at 


14147 


8 iys Ar __ 
ne DB; Loh eee * 


e e at CS; which will divide the ſemicircle into „ 
ve nts AD, D ef: draw the right lines AD, DB. 5 >> 
2, - Divide the quadrant Aber 9,cqualpers; each of t 900 Mito = 

divifions will cantain 10 degrees, as a quadrant or fourth art of a 4+ ES 

circle contains 90 degrega;;, place; one foot. 42 the compaſſes in 88. 

2 with the other transfer the Fra diviſions from the circum- _ 
ence to the right line BD, e BD pe a line of caorDs. 5 5 f 
3. Upon the Past B etect the perpendicular B T; then drag = 

lines from the centet C through the ſeveral diviſions 10, 20, 3% 

Ec, of the arch B N to mee. - the line B T, and Kunal the ſe- 9 
veral | a ren leon. 194% 30. Ge. the fame as che arches ; | 


T NT | 
88 e he; W let a 


ee 
1 65 nu Fey 90 8 who 


" ered 12 20, 
e oY "C01 


1 f 
"of: 

Ae 

S, W 
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Pears” 4. If the fame line be numbered from B towards 0 it will be⸗ 
5 II. come a line of * ths cent 8 e : 4 
18: 5- 6. With one foot of 8 en the other th the 
ſeveral diviſions of the tant eee thoſe, extents 
to the line Es; then will Cs bea es et l 
As the ſhorteſt ſecant that gan be Arcen, is longer than the ra- 
dius, and the longeſt fine is  equat.to the dig, lie Tine of fecangs, 
on the ſeale, is on the fame Tine with tie 


fines: 
As Vic angle, dr A 3 lin 
e IN [6dr 199 ne 


drawn fror the point A, to n E 

half of the angle, that the tadies Bt len x line: 

the center & to the fame 1 — 25 $61 Chop. 3. ht lines 
drawn ffotn the D0INt A” rant 2 oints 10, 25 "Sc. in the 


. 


arch B D, will vide che radio C D inte 4 fine of EMI-TAN= 


on TU, of ith te ure tp 3 ous eg ihr 
... A'Dints'8'ciftal plete "ahg with che 
foot of ypur compaſſes in A, transfer the, ſeveral divi ns to the 
: 14 eee "heli e ofritthbe" hereafter to be 
en of. 29 ; SE: > 7 AAS it #5 
Fig. 6. Alb theſe ined ate "Baneftried” iin khe 8 be th ſcalg 
_ whetethity/are dtawil paralleFed one d diſtin iſhed by 1 1 by 
A f per Proper gp Tx 91 Cal e 


feale.” =, r OR 
The line of equt parts, and rhe line of thords, wilt ine 

for the 6onſtrud . fe, bot we flink it ne⸗ 

e ew the uſes of the the ether firs . 20a 


A 93 cou not toy einn 912860 [1666 tl: din iris 
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length of the chord of that arch intercepted between the lines, PraTz | 
| meaſured on the line of chords, will give the number of degrees 1. 
1 the angle ork by ; 1 3 Fig. 37. 
If the given is greater an 95 degrees, '1 may made: ! 
or macs at twice. Thad ſuppoſe the angle i 30 Sow firſt 
take the chord of 90, and{etit off fam K 20 Es then take the 
chord af 40 degrees (the remainder): and det it off cm to A, 
then will the angle A C K be i 30 degrees: Any ot i tO chords 
5 whoſe ſum. is 139 degrees, wauld have anſwered. the dame pur- 
t as EVP e contains 1 80 d zauvben che 
given angle exceeds go degrees, it may be very — 2 made, by 
25 eff: its complement to 180 degrees, from the extremity of 
the diameter: Thug, f we det off 50 degreeniof chords, from 
to A. — the ling, A & Ye ihave the angle ACK = 130 
degfees as befare. When ſueh an angle is given to be meaſured, 3 
extent. is taken, and ſubſtzacted from 180 Om che r- | 2 


'the-followis method. . — 
|Suppole the angle 40 e n i 


we will be the „ of the arch. k 
| * R 925 "he n. rn 1 
7 ES + 
To Nd. the Sine) antent, or any 3 antity of | | * 
tbe Arch, and the length F the We A: 1 „ *. 
Letlthe ag le be 40 degrees, and the ale 100. n * 
New as A. is the length of the radius, by del che lines » «> 
on the ſcale were”conftruſitee £1 We 45 your. e e of fine . 
— air hows ual 5 „ 
radius is divided, ve the le of | „ 9 
A Gy th fam Bud, 1 7 
ſecants of an ct, bur when the 1 rad i ae * 4 
inches ; W . 700 * \ | 4 

Male DSA 2 f n 558 of "4h degre AB "i tin Y 
3 CD and nd CA ; then Leia 88 f 9 Ni _ .of 4 
ſetibe an ach, as LB; frot _ all the es, fer EM . 23 
which will be the fine; ; perpendicular B T will be the tan-= E 


gent, and CT the, ph eeagt TX" LB; each of which meaſured 
upon the ſamè ſcale as 32928 radius was taken from, 
Ms gi ye the n 72 Ame the arch in numbers. i 

| PRO 


us: | 1 * 70 NO TE i. char N 


i s 18101 lam 16775 Yo Feds 9 10 hots 


F 7 

* * 
ZF 2 

4 1 3 Cy 


Poare' i R N U.. 14 6s b gtd 


The Length of the Sine, Tangent, rant 5-904 Hh 0 of 

Big hs is ds 24 88 4 the Jrength of the ante Rye 257 
„Le tbe an be 40 degrees, is betete. 10 to kt ght eats 

KE the * given; at any point n rig Sie fie, de 

We bon perpendicular, - and melee ME. 65 the g 

ſine; then at L make an angle of 30 Moat, © e comple inch or 

0 given : angie; and draw chetline BL Which: will be 5 radius 
Abtei e. pe Wy) ih MIT 

0 I the tangent is en, male h I Id it, make the 
2 — 3 Io the linie pn ae 

the ſecant is given, make C Tü egual to it, and make an an- 

Ede of 40 degrees at C, and one © = Lak the line T B will in- 
e ths ins CN in ff chen g. CB be the radius © i 


Mow 903370 ane 23 99 1! Ie, OED 


| PRO B I. 


The Length of the uu Thai, 2 F Len 6 of 5 
tbe Radius Sevens ro find the Nami f vue N. 3 


ita A porodogp 04A ag e ee 
. If the Fog 18 Bl at any point, as M, of a: be ls as 


CN, ere. a NG 92198 make ML, equal to the given fine ;. 
With the Sen: rad} jus 88, from L. as a center, deſcribe an areh 
080 interſe c line CN in C, al draw the line. CLI then will 

5 5 LSM be "the angle required... al 1 {16 Hi: ani 81 zuil 3 
FP If the tangent. is given, eres i perperiiculas at anꝝ point, as 
B, of the lee SN; wp ale ITB equal to the giv en tangent; from 

B. as a center w ADA ac Keen 1 to iterſect 


the line KT La the lige © T;,.then n. will T GB be the 


angle r requl wail: . 

2 If the ſecant i given, Knol ep iven radius from C to B. at 

which point erect a 5 cu! n with the extent of the 

given ſecant, f m Ca %a center, te r an arch i r 

| perpendicular it in ee eCT; then will TCB be the 
1 | . e 1 A01p= 129 We W _ le dich 

dener frre, 


* 


ba w the pependlelas DE and G 4, tho oe will be 5. 
74 93 8 8 ſine, 
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ine, and the other the tangent of the arch A D, (by Def. 1 and 4. Prarn 


of this.) and C G the ſecant of the ſame arch; for CA = CD 


is the radius of the circle from which thoſe linen are conſtrudted. Fig. 38. 


Cb: DE:: CL: LM, CA: AG:: CB: TB, and 
FCA: CG CB by Prop. 8. Chap. 3. eg 

But CD and CA, are radii ef the arch AD; and DE the 
fine, GA the tangent, and G C the ſecant of the ame arch ; there- 
fore L M will be the fine, T B the tangent, and 1 che ſecant 
ofithe mT WM hg il a fr n ei 


l 21:20 
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i Sint a cd lined Triangle, NEW things King knw, one 
of which muſt always be a Side. 


b | This will admit. of W diff rene Fei. 


ir 177 When the three ſides are given, the triangle may | be con- | 
ſtructed, as already ſhewn Chap. 3. Prop. . 
2111.20. Given two ſides, (O AandC F) and the- angle (C) includ- 
ed by thoſe ſides, to delineate a triangle (A F C). 
EFirſt make the given angle at C; then ſet off OA and © F the | 
given fidesdrom the angular point, and draw the line A F. 
34. Given. t two _ AF ang C F, and che ae (©) oppoſite | 
Make the 8 as af; ahh e angular po int C ſet 
off one ſide C E, from F as a center; with the av A, the 
other given fide, (defetibe-an arch to interſect the line C G, which 
will be in A or B, and CFA on F B, will be the triangle re- 
quired. So that as this caſe will admit of awo: ſolutions; we muſt 
Dan eb the angle oppoſite to the other given ſide is acute 
or obtuſe, before the anſwer can be determined; for if obtuſe, the 
| least, if acute, the greateſt will be the required triangle. K 
ath. Given one fide (A Ch and to angles (A and ) 
-ft ee the given ſide A C; make one of the given — at A, 
and the other at C, and produet the lines that form thoſe angles, 
till they meet N then will A F C be the triangle required. 
After the triangles are thus conſtructed, the unknown ſides may 
be meaſured by the ſame line of equal parti, by which they were 
conſtructed; and the angles by the ſame line of chords; and al. 
though all triangles may be meaſured and delineated, as we have 
denn inthe folution' of this N yet it is uſual 
7 m 
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them into two claſſes, viz. right and oblique anyled triangles, from 
whence ariſes the diviſion of trigonometry, into two parts, vir. 
night and . ; the * 115 _ contains neo 77 3 
four | . 


\ 


7 "My 0 Ws VI. 11 C 2 cath | 
v grun « right 1 Nl... 


. 2k 34 


This will admit of ſix caſes, occafioried. by the fiffetent names, 
by which the fides are diſtinguiſhed, wiz. The hypothenuſe, 
which is the fide oppoſite to the right angle, as (AC). The per- 
pendicular (C F) is one fide, and the baſe (AF) the other ſide, 
meeting at the right 1 T6 diſtinguiſh. one from the other, we 
ſhall draw the : Spend, cular up and down, and the baſe acroſs 
the paper; the angle oppoſite to the baſe we fhall call de 

the angle, and that een, ene F hn, call the 
complement angle. -.0;; a awd cds 3 


Hence, as in a right angled riangle, ————_ is Me: - 


1 being equal to go degrees; it may be ſaid to conſiſt of 


four variable parts, via. the three: ſides, and an oblique 3 3 
2 two of. which being given, ne nn n- 


Fig. 41. Caſe > Wach be W AC, and the karo go.de- 


grees, to find the baſe and perpendicular. 

Draw the line C G up and down the paper; ee de- 
enero chords from the point C, deſeribe an arch; make the 
angle at C 0 degrees, and ſet off the given hypothenuſe from C 
to A; from the point Atlet fall the e e then will 
bee, Newer vr. | i of the triangle AFC, 
right angled at F. Arrrrors f df £59 et delt ted BING 
_ Hence, if the l A angled triangle be made 
the radius of ache by — the angles are to be meaſured, 
en and ndicutar will become fines of their oppoſite an- 

AF is the iſine of the angle at C, and CF the ſine of the 

— at A, by the definition of a ſine; and becauſe the ſine of an 
angle is the fame: with the nne of that arch, which is the mca- 
ſure of the angle; its length cannot be determined till the lengti 
of the radius is >known; for vrhich reaſon the fame. angle may 
have fines, differing infinitely in length from one another in pro- 
eo Pad the ral by de are.meaſuced.; -fo that chis caſe 


* 
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is the very ſame with Prob. 2. of this; for making the hypothe- Pl ATE 


ſame manner as we have ſhe vn in that problem. 


nuſe the radius of a circle, we ean find the fine of any arch in the I. 


Caſe 2. Given the baſe AF, and the angle at C 50 degrees, re- Fi 


quired the perpendicular CE, and the hypothenuſe A c. 

This may be done by Prob. 2. of this; for if the baſe of a right 
angled triangle be made the radius of a eirele, the hypothenuſe 
will be the ſecant, and the perpendicular the tangent of the angle at 
the baſe A, which being the complement of the given angle will be 


40 degrees; this is alſo the ſame as Caſe 4. Prob. 5. of this, for 


here is one ſide and the angles given. Therefore draw the line 
A F acroſs the paper, and make a right angle at P; from F to A 
ſet off the given baſe; at A make an angle of 40 degrees, and draw 
the line A C; then will A CF be che triangle required. 


S. 42. 


© Caſe 3. Given the perpendicular CF, and the angle at C 50 Pig. 43. 
3 ll Tooler mee O35 noe he een 


| ES. - Or S V gt 5 rr 14 | | 
by” This, in effect, is the ſame with the preceding, and may be con- 
ſtructed as in Prob. a. or Caſe 4. Prob. g. of this; for if the perpen- 
dicular be made the radius of a circle; the baſe will be the tangent, 


ſet off the given perpendicular CF, m 
©. make. the given angle 50 degrees; 
will ACF be the triangle reg mn : 


dire and the other ſides ill be ſines, 
may 


to one of the ſides given; 


Fe e ee ve 
from A to F; at the point F erect a perpendic 


point A as a center, deſcribe an arch to interſe the perpendicular 


im Cg draw the line A C, and the triangle will be conſtructed. 
© Caſe 5. Giventhe perpendicular CF, and the hypothenuſe AC, 


This is exactly the fame with the preceding, only calling what 
was then the baſe, now the perpendicular; for making the right 


angle 


* 
= 


50 TRIGONOMETRY. CAP. IV. 
Frarx angle at F as before, if we ſet off the perpendicular from F to C, 
I. and with the extent of the given hypothenuſe AC, upon C as a 
Fig, 43. center, deſcribe an arch; it will interſe& the line drawn. perpen- 
dicular to C F in the point A, then will ACF be the tangle re- 
uired. 
h Caſe 6. Given the baſe A F, and the ocentedicnles CF, to find 
the hypothenuſe and the angles. : 
Here we have two ſides, and the included angle given; 0 
fore by Caſe a. Prob. 5; make a right angle as at F; el ſet off 
the given baſe from F to A, and perpendicular from F to C. 
draw the line A C, and the triangle will be compleated. 
It may now be preſumed, that the reader, by e 
to what has been ſaid, may be able to. conſtruct any triangle when 
E | one fide, and any other two are given; and it would be need- 
. leſs to give any more exam es, as We ſhall have occaſion to ſhew 
—_ in another place, how to perform what has been done here geome- 
trically, by arithmetical calculation: We ſhall therefore under this 
headonly ſubjoin the following Theorem, which hone ho wall un- 
e tg ee ee . 


In a righ trig trian ade x fin Ba hgh 92 radios of 
a circle, or wg other ſides _—_ be found, by being canfidefed as 
ſines, tangents, or ſecants of the oblique angles. 15 
8 Caſe 1. If the hypothenuſe A C is made radius, che baſe AP 
ll de the fine, and the * 0 F the fine complement 

of the angle at C. 
Fig. 42. . — If the baſe AF is made radius, the hy) othenuſe will be 


— 


=; 


the perpendicuter ; yrs paged is by 
KIN er fake Ao 


” N „ 


! 7 13 Th ene 
4. 3 * 1 x & _— . * * * "a 5 $A 4 Pi 
& & A 


7 15 8 0 
7 I x % * N > . 6 "2-1 a; _ 

7 25 1 3.3 1 5 4 P23 ” $ SES 5 3 F - 38 2 air 

3 1 8 y a 2 , _— 5 — wy ” — * 7 - OE ES . 
f : 8 % { 5 
. 8 ; = 
# N 1 * 
. . 4 * 2 2 4 7 — % : £ 
1 $: b Y © 8 4 * Fo . A 1 * n 
af 7 $28 4 TY . 3 2 8 4 # 1 PE 88 & >. 
SS =» 4 Sf at A : ? ” 7 . * 
© D ＋ 8 is : x % 4 ; 
. 5 : 7 1 * 1 1 8 1 
* bo - I 5 1 3 bl 6 * EF 7 * 3 
5 5 * N f 3 1 =O & 
5 by * 7 * : * * * 4 "x : : * _ S * * wy # © & 4 : 
* 1 4 3 2 ” 
* 


dA . Fa 4 J * 94 „ 2 2 4 7 * 
* 1 # 5 . . 


3 
N 


Fig. 43. 


" » 
* 
pF y 
75 te: 4 
& i n 


' « bs _— 
* 8 4.4 * 2 4 . — y 8 a k np b & * A 1 
* 8 Ws + oth 4443-4 15 r . , , T 437 
1 2 r * Es N S D : 3 3 ; * 2 : # 7 4 1 
1 Fi SK nents . „„ 4 3 „ — 2 * 8.» ; a Ka as LS. 
ne a 4 PIR * — 8 1 * > - 
5 * <a * 


; k F s 6 
2 AA i 4X - * 5 . : : 2 1 
128 1 — 4 + 1 £ 135 * 81 __ - $ 121 = * 
Y 4 © WV. : - by Z 5 4 =o * 4 8 - EX EEE SD + 
, N 1 4 ok 6 «Se. *% ; ” . * a * < * L we 
% mY « 


—_ 
Confrudtior of Quadrilateral Figures," & . 


E 


25 o make a Square whoſe Side ſhall be the given Line C D. a 


Pp ON one end of the line, as D, erect a perpendicular; ſet Fig. 9. 
off the given fide CD from D to B; upon B and C, as 
centers; ; with the ſame extent, deſcribe two arches, interſecting 
each other in A; and draw the lines AC, AB; then will 
ABC D be a geometrical ſquare, all the fides and angles Ng 


equal. 
” P R O B. Bs: 


7: 0 make a Rhombus whoſe Side Pall. be the given Line EF, and 
be Angle E 50 Degrees. 


Firſt make the angle at E 50 degrees ; make E G and EF e- 
er then with the extent E FE, describe an arch from the cen- 
ter F, and another from the center G, interſecting the former in H, 
and draw the lines GH, HF; then will EF I G be che rbom- 
bus ae : | 


Fig. 10. 


PR O B. II 


With two given Sides, as IK and KL, to make a Reftanghe.. 


Ere& a perpendicular at K, and ſet off the two given ſides to 
I and L; from I, as a center, with the extent K L, deſcribe an 
arch; and with the extent I K, from L as a center, deſcribe a- 
nother arch to interſe& the former in M; draw the lines IM, 
1 e ee be compleated, | > 


r R O B. IV. 


To 1 N whoſe Sides NO, o2, ord the Angle of 
O are given. 


e and er of the giren dan N gr 12. 


* 


Fig. 11. 


— 


52 CONSTRUCTION OF Cnae. IV. 
PuaTE with the radius O Q, from N as a center, deſcribe an arch; then 
I. with the extent O N, from Q as a center, deſcribe another; arch 
Fig. 12. to interſect the former in P; draw the lines NP, PQ, and the 
rhomboides will be made; and if from the points N and P, be 
let fall perpendiculars to. the 50 oints mane P; * —_ N * 
Pp will bath be con to the rhom ides-N OP 15 


r R O B. v. 


| 7 0 4 . a regular Polygon, baving the Length and Nunber 7 

e Sides ginn. 

This. 2 15 = be de with Cofe . Pro, 5: or che on. 
ceding ſection; for: every regular polygon may be nferibed in a 
circle; and if there be a radius drawn to every angle of the 
gon, it will contain as many triangles as it has ſides; ſo at if 
360, the number of degrees in a circle, be divided by the wrt 
of ſides, the quotient will be. the angle at the center; and if that 
is ſubtracted from x80 degrees, the remainder will be. the ſum of 
both the angles at the baſe, which is the {ide of the polygon ; 
and becauſe the triangles have two of their ſides equal, the angles 

at the baſe will alfo be equal; 3 8 . e 165 e rn | 

__ _ one ſide, and all the angles ginen- - 

Fig. 14. Let a be che fide of a _ them: 360-6 =60, "amd 
180 6150, the ſum of the angles at @ and , therefore each 

Pp angle will be 60 degrees: Make therefore at @ and at S/an angle 

=o RT of 60 degrees, and produce the ines till they meet; from the 

1 | | 

E point of their interſeQion deſcribe a circle through 4 and b; the | 

| diſtance from u to 8 will divide the circumference into fix e 


8 i to theſe points, we all : 

a the hexagon required. Here the angles at the baſe are 
1 the ſame with the angle at the center; conſequently a polygon 
2 bol ſix ſides conſiſts! of as many equilateral triangles; but as 
1 Fr other polygons conſiſt of as many Aaſceles triangles 45 they þ W 
= —- ' fides; and the angles at the center, and circumference, may be 
4 eaſily found by the foregoing method; there can be no difficulty 
A in conſtructing them, as there — no more required, but to find 
3 the center of aSirole which ſhall l paſs through the extremities of 
—- | . th given ſide, { 
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Pos dAgeriis an Eli. 
An ellipfis is a figure contained under one curve line, called the 
periphery, but differs from a circle ; for if there be two diameters 
drawn in a circle at right angles to one another, they muſt be of e- 
qual lengths, and all points in the circumference are equally diſ- 
tant from the center; but the ellipſis has two diameters of diffe- 
rent lengths, at right angles to each other, TS the longeſt, is cal- Fig. 45. 
led the tranſverſe diameter, and CE the ſhorteſt, the conjugate dia- 
meter; ſo that the circle is, as it were, flattened one way; and the 
radius T x reduced toxC=—xE; and if alt the ſines in the ſemi- 
circle are ſhortened in the ſame proportion, they will give the 
points through which the ſemi-periphery of the ellipfis muſt paſs : 
In order to perform this, make the radins, ot half che tranſverſe 
diameter T* =" x F, a fide, and x E half the conjugate diameter 
= F G the baſe of a triangle x FG; from the circumference of 
the circumſcribmg circle, draw ſeveral lines, as 1 n, perpen- 
dicular to the tranſverſe diameter; transfer thoſe lines ta the: fide 
x F of the triangle, viz. make x3 = nt, xy = ms, &c, draw 
2h and yg parallel to the baſe FG, transfer the extent z H from 
nu to p, and the extent yg 'ffom to ov, then will pand vin the 
lines at, ms, be two points thro' which the ſemi-periphery 
muſt paſs ; and if more hnes are. transferred from the ſemicircle 
to the ſide x F, we may by the foregoing method find a ſuffi- 
cient pynbor of poly ewe leet. the Fare On Inge 


Ts 
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0 
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we p78 rawn. F 5 17375 e > 2 ene = "fe Mets N 


from the centers C or E, the extremities of the conjugate diameter, 
twaarches are deſcribed, they. ill interſect the tranſverſe diame- 
ter in the points F, f, each of which is called the focus of the el 
 lipfisg and if from apy point in the. periphery a line be drawn to 
each of theſe points, the ſum of thoſe lines will always be equal to 
the tranſverſe diameter, wz. Fa+ TA FBA FC + 
jC=FD+f/4=FeJfe=T'S; and this being the pe- 


ooban poop ofthe lt; any. ee e ley way by ppb 


Having found. the two focal points F. 


(x: e tat; 
„„ „ een 18 4 1 . A 15 * 2 0 9 NY 
extent of the compaſſes, ſo it be lefs than the tranſverſe diameter, 
„ . H 2 | =: 
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MENSURATION OF Cr, Iv. 


Pra as T 7, from the focus F deſcribe an arch; and with the extent 8 7, 


the remaining part of the tranſverſe diameter, deſcribe another 


Fig. 45: arch to interſe& the former in the point a, which will be in the 


periphery of the ellipſis; in os nd manner you many: find as 
many pointz gs you pleaſe, 

From what has been ſaid it is 1 that if ben be a . e- 

qual in length to the tranſverſe diameter, faſtened to two pins one 
in . focus; and. if a pencil, or any other convenient inſtrument, 
be moved round within the thread, ſo as to keep it at its full ex- 
tent, it will deſcribe the true riphery of the ellipſisʒ and if both | 
"_ of the thread be faſtened at the center, it will deſcribe. a cir- 
cle; ſo that this figure may dae bo ſaid to arg e two ace 
whereas e ene hs. 


do fora 1 1 "I . I. * Wee 
bi Tov make's Circle equal to a given be, 6 15 


© 1 Bind: a mean proportional between the tranſverſe; and hee 


Aiameters by Prep. 17. Chap. 3. and this will be the diameter of 
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"Of Meyer i lain Sir faces, © 
TA iy ING in che preceding ſecktolt e the ia ani 
of plain. geometrical figures, and the method Mi GR 
ing thoſe that are oblique angled, to right angled ones 0 
99 — We ſhall now. briefly ſhew 1 to 8 33 "ng 
Loh of the Whole pe ces Conte wit bin th Circ a 5 
F 0 1 
Theſe e ; eſtimated, im fquar 4 of fams affigr 
dimenſions, as inches, fe cet, - yards, Oc. and 15 number bf m1 
ſquares contained in any figure, is called its area or Juperficial 


content. BED SER 
Now 46 K ſhbate has four righ eis it will Se Hiity it. 
} Bag that all figures muſt be. reduced to right ang 2 


fore they can be meaſured e, « g that the [Wn of 


x. 21 4. 1 
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Sr. II PLUATN SURFACES. FR 

ſaperficial meafure may be ſaid to conſiſt in finding the area of a PAE 

ſquare or rectangle ; in order to which, let us uppoſe, a feQangle . I. 

as 4 tht to be one ioch broad; it is plain it will contain as Fig. 44. 
many 0 che 0 inches as it is inches in length, which in this caſe is 

12, and the reftangte may be cut in 12 3 inghes, but if it 

were any broader, and of the ſame length, it would contain 12 

times as many ſquare inches as there are inches in breadth; ſo the 

| ſquare" ABED, of 12 inches long, and 12 inches broad, will con- 

tain 144 ſquare inches, Which is the area of a Superficial. foot, or 

quare whoſe fide is one Root « hence 8 olle rü rules will ap- 
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ide; Maldply the length by the breadth} che prodect” is” "the! 
area; this will admit of two caſe. | 
Cafe 1. If the re and ins are. taken by one kind of mea- 
fure; as if there is a t ng, and 24 inches broad; 
then 48 x 24 = 1152 2a inches. If the 
and breadth are taken in feet, the area will ikewile be in feet ; 
che like may be ſaid of yards, rods, Sr. | 
_ Cafe 2. If the 3 in taken in one kind; and the Hreadth in 
200 ther kind of meaſure; as Is ok 20 feet) long, and: e 
inches broad whoſe area is required!!! PURI 21; „ 
NM y the length by the: breadth, e de Ne- 
duct by 12; the quotient will be the area; e e mens 
180 12 = 15 feet, the area requit ee. : 
The reaſon for dividing the product by +2 is bei, teuf 3 
the breadth were 9 feet che area would be 180 feet primithis.caſe .. _-; 
the Multiplier (9) is feet, whereas: m;| the other it ist but the 220k | 
part of feet, and of conſeqtence-the: firſt product will be but the 
Tath part of the laſt; and therefore! acer divided by i 2, and 
the quotient will be the true product, which: in: this caſe will be 
leſs than the multiplicand, becauſe. e be is a fraction, 
viz. N and 20 * r 2 1 45 | have been the longer 
upon this head, becauſe we all haue occaſion in another place 
to mention the meaſuring. of p nk for it is always accounted 'as 


e though: . tapers; the breadth is taken 


— 1 * — 5 
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Fig. 45+ Fd » 


PLATE: " Lan middle, which will be exactly true when both edges of the 
lank are ſtreight, as in Fig. 1. Plate z. the trapezium apt 
. TE hy the % lem me IK MI. for the wel. 4 N — triangle, 
r1 Oy nee in me . plank. % wi Mien aaron ber om rg 
1: length in feet yy breadth. in feet eg ad has, oy 
* Selen in feet :: breadth in inches: 
144 Ss in inches : breadth in inches: 
This may be eaſily applied to all artificess works, STR 


15 ing, in. Sn b. ws in feet nee fe er 
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To find the Area of a 7 Triangle. 
_ 0... Mult} y the baſe by half the per ndicular, (let fall from. 

Fig. 35. any of engl to the 2 92555 5 b 
required, as in the dead DEF; let D F be 40 feet, and the 
petpendieular E M be 48 fect ; the half of Which 207 g, then 


40 * 9 = 3600 the area in e 158 wo het 0 ener. 40 
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e l Ared'of a Taper. 3 


1. If nnn bas two ſides parallel; 45 1 2 3 80 fall 


% 


Note. We ſuppoſe the arch it to be fo ſmall, that ie —— 


accounted a-right line; then the parallelogram mn # + triangle 


sst trapezium m, and the parallelogram's area = f x 
(= #) half the ſum of #2 ur ind the triangular area FLXETS. 


Fig. 13. . 2. If none of the ſides aue parallels, as. HC, DA, [tivide! the 
into two-triangles; by drawing the diagonal/B D; "a 


and draw tlie perpendiculars Ax, and C then multiply the dis 


agonal rede the ſum of the two e the ram | 
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"T6 find the Ares of ah 05 1 


A * 
: + 8 a 925 „ 
TIE 11 4 


Fig: 15. "Rube Reduce the polygon," 6. ABCDEF 6) ins ute 8 
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c product will be the area 


rene by halt the um of both the | 
parallel fides 3 the product will de the are. 
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Ser, un PLAIN SURPHOCES:: 5 * 


(as ABG, BGF, BFC, FCE, and OE); find the areas of 
thoſe triangles, and add them together ; the um will ** the area AY 
of the whole trapezium. x, = 


„ we 
25 ford the Ar of a regula Pal ben 


. cyident that the area of every fegular po is equal to 
his ſum of The: areas, of as many ifolceles triangſes as it contains 
fides, 'and that a perpendicular let fall from the center to any fide, * | | 
would be the radius of the inſcribed circle; the area of the whole | 3 
ron may therefore be found by the following rote,” FE .Y 
y he ſum of all the fides by half the radius'of che un.. "I 
le, or the 1 1 RE 8 = 
doe will be the area required. te | 2 
- By this rule it will be eaſy 0 ni übe en be dh jake po- —_ 
77 55 when the ſide, and the radius of the oh 2 5 are | — 
2 But as it ſometimes happens that only the fide, and | 
Totte times any the radius 61 oy circle can be practically meafared, = =* 
we 11 Wy wn the proportions they bear to one anotHerin moft 
of the Higtites that occur Me” which are . to a fuf- 
ficient exactneſs in moſt COLES! 
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2 


, \Giroles, -. * ; 
* 2 F< NR 9 © A FEEL 
9 3 1 1 3d Ss» . * &; be 0 1 5 
Eau N 3 2s 1 td 288 
7 2 ; I 
"on engen of ee N r wt 8 688 
F - -) 
* & 04-443, Ly (5 is 8 3 5 866 - 
« | Hexagon 84 EP A e t fab 5 
Hergen 1 ile Mom od e Vis enen Jarzvy: 11 8386 155 | 
8 IE 8 Y ay 
40. 00 word 11 F nt SPODE 2 Nw 207 2 : 2 
4x -* Nonagan 11 291 4 8 22 8 oy 4 18 7 Beli n 1 22 3588 a | 1 
— , * 8 . TY » : | ; ; . * 25 ke: k wy 
li. 5 a0, bid: vole rigid Sch 1 „ 838 1215 5 " 
4 ** 8 | * - 2 . f 2. 1 
Pei 14 Gtx: wy ines 5113 01 s 1 
: ee Ide had Which 0 - 
; $ , . + 5 1 * « 
"LR 23FE.3I 2 SES | - " AZ Lu 0 28 k — : * 
13 - Tt 411 N 3 a 


25 * Aiquiradche Ee of un Ong, vu Side is pitt 5 i 
. 11 1.207 2 24 * 28.958, the radius of the inſcribed ciecte. 
— e fides. 1 


os 
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| 3.6 when freral numbers are to be multi 


: 3.28 x,32 =4990z. and 4096 &. 1416 = 12867 
as before; now becauſe 4 will always be a Gre and 3:14:16 


,£ of} 1 1 | | Ta 


MENSURAT:ION- OF Cu. IV. 


n Ach eee 28.968 by 96 —half the ſum or en e 


the: produes will be 1780. gaß the area Wee An 
r 0 . Een 44h 


e find the x of 45 Circle, 


As 1 conſider a circle as a 1 of 
number of equal ſides, the circumference will be equal 9 the 2g 


of all the Ades; If this then be multiplied by half the radius, 


the product will be the area, the ſame as if it were a be lie 


but before this can be done, the circumference muſt 

by inveſtigating the proportion it bears to the diameter, Whic 
has been calei ated ta great exactneſs by ſeveral el mathe- 
maticians, and is Ln NE allowed to be as 1 18 1592, 


Sc. in practice, as 1 to 3.14.16 ; hence the area "of © cle may 


be found by the followin rule, Why | 
- pi . diameter by 3-141 6, and the r will be the 
rence; this again multip ied by + of the diameter (which 
5 the ſame as 1 ne the radius) will give the area, which will be 
the ſame as if the diameter be Pigs. and the + of the e 
enultiplied by 3.1416, as will 8 by the e 1 


„ * 


wales NX AM. PL, CRE 
3 ; % * 3 * a_ ad Tod 5 * A 10 * 


erf is he Area of a Circle wie Diameter i is 25 [FF 


128 x 3. 4 e = 402.1248; then 4 diameter 32 * 402.1248 ; 


== 12867.9936 ; the area required: = 128 x * 32 * 3.1416 
lied into one 2 


nother; it. will be indifferent in what order the operations gare 
performed ; but if inſtead of 32 we take , which is egbal to it 


and rultiply the diameter by this faction, it will be —.— E 


the ſquare :of the diameter 16334 divided by. 55 alſo 
the area 


A multiplier ; we may take £ of 3.1416, which is «78, 54, fora 
multiplier, and then there will be no oceaſion for a diviſor; and 


che area c of any circle, will be found N. Lhd the 8 . 
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Seer. III. PLAIN SURFACES. 59 
the diameter ,78 54, and the product will be the area 123 x 128 Prat 
= 16384. the ſquare of the diameter, and 16384 x 7854 = J. 
12867.9936 the area as before: Hence the areas of circles will 

be in the ſame proportion as the ſquares of their diameters : And 

becauſe the ſary! of 1 1s x, the area of a circle whole diameter is 

1 will be . 78 54 or, if the circumference, which is 3.1416, be 


multiplied by a wok the e ene or. a 2551 1 will give 7 SP S 
proper: * of Mw 
66 : e 9 8 the LH 42 3 oo 


Nl Find the area of the whole cirele; then ſay, as AY the 

grees contained in the whole cireumference; are to the area of 
the whole circle; ſo is the numbet of degrees contained in yay Fig: 20. 
arch, as AD B tothe area of the ſeQor ona LE 


Ea 
* 


RO B. VIII. ; | . PE 
« To ind he Area of « Sprint. of a deln Ab BD. 8 „ 
| Rule. Find the area of the triangle made by the radii AC, B c... 
and the chord A B, Which ſubtract from the area of the lector „ 
ACBD; the remainder will be the area of the ſegment ABD. 25 
But it often happens that we have the ſegment of fo large a cir- 1 | 
cle, that a ſmall part of the circumference may be taken for a right 


line; and When the plane will not contain the Tadius, it wi . 
be difficult to know w ether the curve. be an arch of a circle; or of ET | 


ah ellipſis, or it ma nde neither; for as the periphery of the ellipſis 85 # 
falls within that of the circle, ſo there may ſeveral curves fall be- „ 
tween. them, or within the ellipſis, Which mathematicians have | „ 


ſuch caſes, we preſume the fol- T 2 


, 4 ger Nr e truth 


given no tules to inveſtig te. In 
lowing method Wen p! 
in moſt caſe. + 
Draw ſeveral lines pale t the : chord, or right line, 
TS, at equal diſtances from one another; ſuppoſe 1 foot, Theſe 

will divide the whole ſurface, whether it be the ſegment of a cir- Fi 

cle, or of any other curve, into ab many trapezia, leſs one, as there ee. 5 
are perpendiculars, and two right angled triangles beſides ; 

* the areas of all theſe added 8 will 8 ng area * 


1 


A we 


| 7 hes # 


EIFS 


60 
Prare the whole ſegment; and as every one of the trapezia have two 


E 


Fig. 45: 


MEN SURATION or | Car. IV; 


parallel ſides, and every perpendicular is a fide to two trapezia, 
or to a trapezium and a triangle; the ſum of all the perpendicu- 
lars multiplied by the diſtance between each, will be the area of 
the whole; and if the diſtance be 1 foot, the ſum of all the per- 
pendiculars meaſured in feet, will be the area in feet of the whole 
ſpace contained within the right line and curve. _ 

But as one ſide of every trapezium is a eurve; if this ſide ſhould 
differ perceptibly. from a right line, draw a chord to it, which 
will cut off a ſmall ſegment ; in which if there be drawn other 


two chords to meet at the middle of the arch, we ſhall have a 


triangle, the area of which muſt be added to that of the trapezi- 


um; theſe ſegments will be greateſt at each end, if it be an arch 


of a circle; which may be reduced to two or more. triangles ; but 
there are ſome curves that approach ſo near a right line at each 


end, that a ſmall NT be were: 5 N without oy dab 


exror. 
| pig 98 5 
439-4 2 M the Area of an Ellipfs. 


As every ellipfis is equal to a circle, . whoſe diameter is a mean 
proportional betwixt the tranſverſe and conjugate diameters, and 
this is found by mu tiplying the tranſverſe diameter by the conju- 
gate, and extraQing the ſquare root of the product; the ſquare of 
this mean diameter multiplied by 785 54s will be the area of the l- 
—_ hence the following rule: 

Multiply the tranſverſe diameter by the Sie and that ro 


5 duct by 78543 the laſt produet will be the area required. 


„0 ĩ?Ä 3 4 5 E. * [iS 


+ Ie ohio mba lect be 48, and the conjugate 3. we 

Then 48 x 32 = 1536, and 1536 x 8 e en al - 
- + | © = 2206.3744, area required, | 

| Ie remains to be proved, that the mean p Ito She tw 


5 verſe, and conjugatediameters, will be t diameter wa _ e- 
= 1 88785 1 or TONER . BET 


Sgr. III. CE - er 
| DEMONSTRATION. A 
Let the ellipſis TCS E, be infcribed in a circle whoſe dia- Fig. 45. 

meter is T8; then the area of the ſemicircle will be equal to the 
ſum of the areas of all the trapezia contained in it; now the el- 
lipſis contains the ſame number, but ſmaller trapezia, and the ſum 

of their areas is the area of the ſemi-ellipfis ; therefore the area 

of a circle, is to the area of the ellipfis; as a trapezium in the 
ſemicircle, is to the ſame trapezium in the ſemi-ellipſis ; but a 
trapezium in the ſemicircle 1s to a trapezium in the ellipfis, as the 
tranſverſe diameter is to the conjugate ; by the conſtruction of the 
ellipſis; hence as the area of the circle : area ellipſis:: TS; CE, 
and multiplying the two laſt terms by T'S, their products will 
ſil! be proportional to the two firſt terms; that is, as the area of 
the circle: area of the ellipſis:: TSX TS:CExTs, but T8 
TS, is the ſquare of the diameter of the circle, and CE x T S 


is the ſquare the mean proportional. 


- 


. 


/ Menſuration of Solids. 


FSolid is that which has three dimenſions, viz. length, breadth, 
{"'\ and thickneſs; and as the areas of all farfaces are eſtimated 
in ſquares, ſo are the contents of any folid eſtimated in cubes. - 
A cube is a folid limited by 6 equal ſquare ſurfaces, like a die. 


— - 


If the ſide of the ſquare be 1 inch, foot, yard, &c. the fide of the 
cube will be the ſame ;' and the folid is faid to be a cubic inch, 
A parallelopipedon is limited by two paralle qual ſquares, 
called is baſes, and four rectangle for in fides, which may be 
called the heighth or length, and if they are perpendicular to the 
baſes it is a right one; but when the fides are oblique to the bates, 
then it is an oblique parallclopipedon.;, the like tnay be fd of the 
A priſm is limited by two parallel and equal polygons for its Fig. 4. 
baſes, and as many rectangles as the polygon has fides; if the baſes EE 
de. triangles, it is called a triangular priſm, but if ſquares, it is a 
-Pa allelopipedon, Sc. os . 


Fig. 46. 
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62 MENSURATION off Cray. IV. 
Pzarx A pyramid is a priſm, taper'd to a point at the top; it has but 
J. one baſe, which is a polygon, and as many iſoſceles triangles as 
Fig. 48. the polygon has fides, meeting at the top, which is called the vertex; 

it is exactly one third part of a priſm of the ſame baſe and al- 

| .. ͤ if hp ers; N 8 2 N 
Fig. 49. A cylinder has two equal and parallel circles for its baſes, and 

the ſpace betwixt them is limited by one curve ſurface, If one 

ſide of a rectangle be fixed as an axis, the oppoſite ſide moved 

round, will deſcribe the curve fuperficies, and the other two ſides 

will deſcribe the baſes; of this ſorm is a rolling ſtone. 


Fig. 50. A cone is, in reſpect of a cylinder, what a pyramid is in reſpect | 
of a priſm, and is exactly one third of a eylinder of the ſame bafe 

and altitude; it has but one baſe, which is a circle, and tapers to 

a point at the top, called its vertex, like a ſugar-loaf. If the per- 
pendicular of a right angled triangle be fixed immoveably as an 

axis, the hypothenuſe, turned round, will deſcribe the curve ſur- 

face, and the baſe of the triangle will deſcribe the circular baſe of 


A cone. F 


rig 5. A ſphere or globe, va folid contained under one eprve ſurface, 
8 every part of | which 18 equally diſtant from one point, called its 
center, and may be formed by the revolution of a femicircle round 


the diameter. It is Fay two thirds. of a cylinder, whoſe alti- 


1 
4 k 
24 12 


4 "SY; 

_—_ L Xl £ 
efollow- 
Fl at As 

* — — . # 7 - 1 f 
: R 


* 


r 3 
; * * ; a 1 * ww 2 4% * D » 
EL. 3 +34 fe e ＋ « " * . : * | * x 2 
Fs "+3 > 9 84 E535 16133 „ ˖‚ö 3 S83 at 5% «I 
* + 28 Li 
4 1 So 


ate 8 
* 

þ ; ” 
ES TOY "I" 0. 
iin 1 e 
e > 


» 
* 
* & 1 
05 4 
938 we* * — 


ES 
1 I 
F Io wh. 


src. IV. © 80 7 S. 


; ' 1 8 | 
£ K. ** 3 A 8 > br 4 41 * 8 * = & 3 - 


To find the fol t of a Cube, Parallehpipedon, 
rt 0. NOR. © NE Ons 
3 in 16} nene idem in Ss 223-6 
Rule, Find the area of the baſe by the problems in the preceding 
ſect ion, which multiplied by eee e dx 
baſes, gives the ſolid content in the ſame kind of meaſure as the 
dimenſions are taken. Or multiply the length, breadth and thick- 
neſs (all taken by one kind of meaſure); into one another; the 
e is the content in cubes of the ſame meaſure; hence 1: 


ae ee i ee erer 
rea baſe :: length; content, or 1 length : depth x dbreadtn 
: 6 Y SMT 1029; .001045 2231 THirto Sunder nt 51 2 

' "7 * * * 1 : > 2 % — * wars " 6. <<< 4. £ %. # . - FF 4-6 9 
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LE ? * ; — 85 PR 'OB. ; Woh 151 | 1 | 
T find the joid Content of a Pyramid or Cm 

Rule. Multiply the ares of this kaſe by f of the height; the pro- 
duct is the content 3 : area baſe : 5 
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1: Nate, Thei 
the top cut off, will be 4 pyramid r cone, and che remaining ꝑurt 
the) cane or pyramid out off baſe ofthe whole 
cone er ꝓyramid before it ãs gut a Hence, if we: can find the Son- i 
tent of each, and ſubtract the-lafjer from the greater, theorimain- 
Aer ie the jcontent of ihe fraſtum:; ſo all that is wanting in te find 
Weihen dchba ie; 28 eien Bag [Ut 
By” Fi \ 
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= | MEN'SURATION OF Char Iv. 
Per: If}. Subtract + the diameter of the leaft from + the diameter 
I. ofthe greateſt baſe : then 4 5 be 2 
A2̃aly. Multiply the n iſtance twixt e baſes by 
the diameter of the greateſt baſe. 8 
3aly. Divide this product by the © BRA of half the baſes, and 
the quotient is the heighth of the whole cone before it is cut, and 
ſubtracting the diſtance er 1 baſes from this,” we have the 
N ern cut off. My 


* 2 - 5 
F 4363 417 


Dana tri To, | 


= - | Fig. 50. Let nm py” be the frultum 11 8 8 Per pendicular s 7 4; 3 ; the ti 

i C's is the difference of half the baſes, 4 e triangles m Cs, and 

3 C x are ſimilar; therefore Cs; Ms: Ot: tx, and BORE 

the beds. = oy) glth of the cone \6 es, theref s N Fo +5;the heighth of 
28 giert c F. RO BI Mia 287 v Wb A N 


2 0 find the 2 Cotent ent of lrregular Solido, "IT are Inited by 
Feveral curve and lain Surfaces. 8 
. To do this, let the ſolid ſuppoſed to he cut.by ſeveral planes, 
1 AE parallel to the baſe und at (2 FLY Ws inch diRance from 12 ano- 
: ther. Every ſection will forin two equal plain ſur faces. Half the 
| ; ſum of all the areas, including half the areas of both baſes; wilt-near- 
bo be the content in fect or-inches; Nee has. no plain 
ſurfaces patallel to one another, let two ſmall parts be cut off, 
which may be meaſurod as parts af a globe, cone or pyramid. 7115 
In all the foregoin ng] problems it will be convenient to take the 
length, breadth and thickneſs, in the fame kind of meaſure i in 
which the content is required; but very often it happens t-the 
content is r po oth in feet, and dhe length 55 in Re ut the 
bteddth? and thicne in inches, or partiy in feet; and puny in 
inches; 1 Sei The value of timber is eſ- 
Almated by the load of 50 feet; and the! freightof "bales, Ar. 1s 
by the tun of 40 feet. p Sas of our readers as are not well ab- 
_ quainted: in decimals or croſs multiplication,” may reduce the feet - 
into" inches, .'fo-firſt find the content in inches, this divided by 
1728; gives the eontent in fett; and to render this method as uſe- 
ful and expeditious a as . ods Cen W 
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the firſt is for dividing a number by 1728 ; the other two for find- 
ing the value of a remaigdex, and may be of uſe in dividing by 


144, or by 12; and though moſt of our readers may be preſumed 
to: have. the lat table by: n yet as all 0 _ We: an yet 
to inſert it; = = i WL X R345 
1971930039688 "Tana, 1. c Taxis 2. | Tan 3. 8 985 
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foot, wt 1 BOO re | 
425 che next- Ae yl in the gan e o, againſt 
h is 20, that is +5. of an inch, and W e 55 Which 
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85 What! 18 eee a 1 8 ke: feet Jong, - 18 i in⸗ 
ches broad, and 14 inches deep; 24 Xx 18 x 14 = 6048, and 
6048 — 144 = 424. the content inilfeet ; after the ſame manner 
any other pieceiof quare timber may be meaſured but in prac- 
tice it is not always required to find the exact contents of timber, 
for ſometimes the computed is leſs, and Neben more than the 

real content. 0% 4 Sies r 
It would becvery diffici t to bind athe Poe > contents of a tree, 
but as it generally grows retty near roundiand tapering, it will be 
ſomewhat like à fruſtum of a cone; notwithſtanding. which, it is 
meaſured as if it were a patallelopipedon, and to find the ſquare baſe 
in ſome places, tho circumference of the tree is:takep by girting it 
with a line pretty near the le, and x of this is accounted the 
fide of the ſquarei; now it is plain that the area of ſuch a ſquare 
will be above. leſs than the area of the circle, and che tree mea- 

Lures ſo much leſs than the true contents. 
In other places the tree is hewed ſomewhat in the 8 an 
ursgular motion flat ſides and four round ; the baſe" will be 
an oRagon7 contained under four equal cherde, and four 'irches 
of circles, but in inegſuring the tree the chords are fu ppoſed to 
| Jaced* till they meet, Fand form a ſquare; de a 'of this, 
mu tiplied by the length, isacconnted the content, the? it is plain, 
the tree thus hewed, does not contain near ſo much, een there 
is wood wanting at the corners; theſe are called: wanes; and the flat 
Hides are called ſquates; beſides the tree may be hewed in ſuch 
aà manner as to make it contain more than the real contents of the 
tree, even if it were eve to be a cylinder, ſo that oy bo be 
tions on the haſers; to preven Which, the 

9 that — bed by ſuch a mia 
that what is to be called the ſide of the ſquare ſhall - bear e 
Proportion to the diameter of the tree, which may be eaſily diſeoyer- 
ed by the callipers; for if they be applied to the wanes, we have the 
diameter” of thie tree, and if to the flats, the ſide of the ſquare, or 
the thickneſs; now becauſe the larger the wanes are, ſo much 
more will the tree meaſure; it muſt be hewed ſo that tw6 wanes 
{Hall not excetd one ſquare. What is meant By a wane ſhould 
| ute wile be — bor it Ry allowed to be the round 
A. 3 part 
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part of the tree where the ny is wanting to compleat the ſquare, Pl Arx 
or the chord of it, which may be taken with a pair of compaſſes, l. 
as in Fig 53. B E is the wane, and is exactly half the ſquare TB; 
but in ſome contracts the portions of the chords, which are pro- 
duced without the cirele to ern paeeg the en are called wanes, 
as in Fig 52. D DT = half TE. 
It is very difficult to hew a tree exactly to this ſtandard, and 
very often the wanes are as big as the ſquares, as in Fig. 54. where 
the ſquares divide the circumference into 8 equal parts; by which 
means the content of the tree, meaſured. as a parallelopi pedon, 
would be to the real content meaſured as a cylinder, nearly as 
34142 to 31416; for which reaſon, before it is meaſured, it 
muſt be reduced to its proper thickneſs at the meaſuring place, 
which is nearly the middle of the tree: For tho? all trees taper, 
and conſequently are greater at the butt than the top end, yet they 
are allowed to be cylinders, the diameters of which are taken at 
the middle. But there will be no occaſion to hew the tree, as 
the proportion is known which is'the thickneſs of the tree, when 
properly hewed, / ſhall bear to the whole diameter. All that is 
neceſſary, is only to conſtruct a line of equal parts, which ſhall 
have the ſame proportion to a line of inches, that the diameter of 
the tree has to this thickneſs. If the tree happens to be thicker 
one way than the other, a mean r e t muſt be found for 
the diameter. 
Na conſtruction of a 155 of equal parts, that ſhall ann the 
ſame proportion to a line of inches, that the diameter ſhall have to 
che thickneſs when the tree is hewed ſo that the flat ſhall be double 
the wane, will admit of two cafes.” 
| Caſe 1. When by the wanes are underſtood the portions of the 
chords, eee without the circle to compleat the ſquare. 
I.. Erect a perpendicular at K, and from K to C ſet off any is. 5 52. 
number of inches, and from K to 0 double the line K C; then 
draw the line C O, with which as radius, from the center O, de- 
enen circle. 1 -hp;4amet 5 of 
224. Divide the Hs Co this: the Rübe W of UNE) oa 
as the line O K contains inches; then will 215 of thoſe diviſions 
be equal to 24 inches very nearly ; that is a tree whoſe diameter i is 
24 inches, will be 21 inches thick when he wet. f 
433 I ow if the chords 11 A 5 till re were, _— will 2227 
1 F ; 
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Fig. 52. 


Fig. 53. 


MENSURATION of Cue. IV. 


a ſquare: And it is very plain that C © is ha lf the diameter of the 
tree, and K O half the thickneſs; and becauſe the wane CD, or 
its equal C K, is half the flat C B, the tree is properly hen ac- 
cording to the contract. Hence it is evident, that when the tree is 
ſo hewed, the diameter will contain as many equal parts of the 
line CO, as the thickneſs taken upon the flat will contain inches. 

Caſe 2. When by the wanes are underſtood the chords of the 
arches, or the round parts of the tree, where there is no wood 
taken off, as B E, DN, IG, FT; and it be required to hew 


the tree; bo hat che flats T'B, F G2; D E bs F e 


Fig. 52. 


Wanes. 

- 1/}. Make an angle of 5 et at ahes woke B, reh is 
the ſame thing, an angle of go degrees at M; and taking the points 
B and E, equally remote from M; draw the line B E, and make 
BA and A T each equal to B E; ſo thall B T be double of BE. 
24. Thro' the points T, B, E, deſcribe a circle; and thro' the 
center C draw C A. perpendicular to TB; fo will the flat I B be 
double the wane B E, the line C B half che diameter of the tree, 


and the line CA half the thickneſs: And if the line C B be di- 


vided into the ſame number of equal parts, as the line C A con- 
tains inches; it is plain the diameter, when meaſured on this 
line, will contain as many equal parts of this as the thickneſs 'con- 
tains inches. The following 2 22 will ſuffice to laune what 
has been ſaid on 1 this head. Toth ot; 
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1 there be a piece of timber 20 fect. 2 . — — &. 
ameter to be hewed ſo as to make the flats, according to Caſe 1. 
and let us ſuppoſe that when the timber is ſerved in for meaſure· 
ment, it is found, by applying the callipers to the flats; to be 22 : 
inches thick. Now to know ĩf it be properly hewed, meaſure the 
diameter by a line uated, as CO, Which will be found to be 
nearly 21 +; Whic ſhews there ſhould be one inch more chewed 
off; and therefore 21 + muſt be taken for the fide of the ſquare 
baſe, which will make the content in feet 64; bs the thickneſs is 
not Xn 21 47 it being only 21.466. 

Now 144: :fq quare of the thickneſs in inches : length in feet: 


| content in feet — La: 0.789156 :: 20': 64. 


The content may be found by 8 the diameter — * 
| line 


Srcr. IV. ,,, © -.... 
line of inches, for which the following proportion muſt be taken; Plate 
as 180 is to the ſquare of the diameter in inches fo is the length I. 
in feet to the contents in feet; for 144 is to 180 as the ſquare of 
the thickneſs to the ſquare of the diameter, which may be thus 
proved : 144 = 4 = 36, and 36 x 5 = 180, now z of the ſquare 
of the thickneſs taken upon the flat, multiplied by 5 will be the 
ſquare of the diameter ; for the ſquares of K O, and K C both to- 
. gether, are equal to the ſquare of O C, by Prop. 20. Chap. 3. but 
the ſquare of K C is 7 of the ſquare K O therefore five times the 
ſquare of K C will be equal to the ſquare of OC. In this exam 
ple the ſquare of the thickneſs is 460.7891 56, which is the ſecond 
term in the proportion, when 144 is the firſt: But if + of the ſe- 
cond term be multiplied by 5, and that product taken for the ſe- 
cond term, it is Certain, to preſerve the ſame proportion; that © of 
the firſt term muſt likewiſe be multiplied by 5, and the product 
made the firſt term. Now this is the very caſe here, when the 
ſquare of the diameter is taken for the ſecond term; 460.7891 56 5 
— 4 2115.197289 this & 5 = $75-936445 ; and24x24= 5 
554% den 180: 576 :: 20: 64 the content as before; tho' it is 
plain this exceeds the real eontent, becauſe of the wood that is 
wanting at the corners. It is even more than the whole tree would _ = 
_ meaſure; allowing it to be a cylinder of 24 inches diameter; for ** 
the ſquare of the diameter 576 * .7854 = 452.3904 the area of the | 
_ in inches. Again, 144 : 452.3904: : 20 : 62.8, the content 
If it be contracted that the tree is tobe hewed, as in Caſe 2. when 
the diameter 24 inches is applied to the line conſtructed for that 
purpoſe ; it will meaſure 20.71. Then 144: 20.7 x 20.71 : : Fig. 53. 
20: 59.5 the content in feet. This may likewiſe be done by tak- | 
ing the ſquare of the diameter in inches for the ſecond term, if 
193:3 be taken for the firſt: 193.3: 24x 24:: 20: 59.5, as be- 


fore: And that 144: is to 193.3 :: as the ſquare of the thickneſs 

taken on the flat: is to the ſquare of diameter, may be thus proved: | 

Let che radius CB be 10000 then will the fine of the'angle AB : 
be 8268; and 8268 x 8268 : 144 :: ro000 x ro000 : 193.3. By 

this it appears that tliere will be 7 per Cent. difference in hewing 

the HO BERTH. HH CT oe 2 56 5 
The works af the ſeveral artificers relating to building, whe-* 

ther ſuperficial or ſolid, may be meaſured by the preceding rules: 

But as all the operations ins ag e multiplication and divifion ; this, 
2 pe: 


un. 


Fig. 52. 
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82 caſes, is deemed too tedious for practice, on which account 


make uſe of the fliding rule. But before the lines neceſſary for 


"that purpoſe can be conſtrued, there muſt be ſome method found 
to Ar and divide natural numbers, by addin * or ſubtracting | 
artificial ones: This is moſt effectually done by the e 5 
en ſhall be the * of the next . f 
14 | \ 3 : | 15 = | | 
"CHAP. v. 


2 ne, 


A najak are obliged for this uſeful diſcovery t 
bour of the noble 1 inventor, Lord Neße Fe. 


5 EN of the nature of them, as is 1 9667" B 9k — the | 


and conſtruction of the line of numbers. CAP 
: Lo ARI THMS are artificial numbers adapted to natural num- 
bers, and ſo contrived, that by adding the logarithms of any two 
numbers, their ſum will be the logarithen of the produtt of theſe 
two numbers, or by ſubtracting the leſs from the greater, the re- 
mainder will be the logarithm of the quotient! of the one divided 
by the other. From this deſcription the following infe 
will eaſily be deduced, vx. 
18. Every natural number muſt have a. 
therefore a table ſhould be made to find it 
2. If the logarithm of any number be A A %gp 


b ae 3 
dent itte leg number will be increaſed likewiſe. o. HE 


» - 
* þ 8 
* - g 


af the ſquare of the natural number.. 
4. If the lo of any two numbers are known, the loga-, 
rithm of the product of thoſe two numbers may-with,certaiatybe. 


found: For if the two known logarithms are e together, their. 


5 ſum will be the logarithm of the product. 
"MF" 2 careful attention to theſe inferences, w ie make 
loga- 
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a. the lager of any number be added to ütlelf, pet which, 
is the ſame thing, if it be doubled) the for ine the, logarithm 
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' 8.0000090 for the logarithm, of the natural number 10, the dou- 
* of e would be 299999093 = for the du, of 100, 
"and. 
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logarithms to the following rank of natural numbers in a continu- 
ed geometrical proportion, viz. 1: 2418: 16: 32: 64: 128, 

Sc. which may be continued to any number of terms. Here 1 
is the firſt term, and 2 the ratio; ſo every term is the product of 
= preceding term multiplied, by 2, as will appear by bare in- 

ction. 

" Unity {or 1) is the firſt natural number, and its logarithm avail 
be a cypher (by I,. 2.) for unity neither multiplies nor divides 


any number; ſo its logarithm muſt neither increaſe nor diminiſh 


any other logarithm. 

The logarithm of 2 may be aſſumed at pleaſure, bat this will 
determine the logarithm of all the reſt: Suppoſe it 10; the next 
"natural number is 4. Now 4 is equal to 2 X 2, therefore i its loga- 


tithm will be 10 + 10 = 20, which muſt be the logarithm of 4. 


The next natural number is 8, or 4 x 2: Add therefore the loga- 


- rithms of theſe two numbers, viz. 20 and 10, and their ſum 30 


will be the logarithm of 8 (by Inf. 3 and 4.).. 
It is eaſy to vbſerve, that as the rank of natural numbers is form- 


ed by a continual multiplication of each preceding term by the ra- 


tio; ſo their logarithms are formed by a continual addition of the 
ithm of the ratio: And as this lagarithm may be aſſumed at 
pleaſure, ſo there _ be different wo ve logarnthans * as in the 


ing . 

21 4: 8: 16: 32: Gal 128: 1655 512: (a DG 
10:20: 30: 40: 50:60: 70: 80: 90: 100 Logarithms. 
493 30: 25 2/00/2958 90: 105: 120: 133: 150 Logarithms. 
7} is evident, that either of theſe ranks of logarithms will anſwer 


Ps 
.O 
0 


68 9 0 * 


che propoſed end: For if it were r uired to multiply 32 by 8, 


the logarithm of 32 is 50, the logarithm of 8 is 30, and 39 0 


$0.8 — 80, which is the logarithm of 2 55 32 & 8. 


This may ſuffice to ſhew, that if there were a table of lags- 


rithms to all the natural numbers we ſhould have occaſion for, 


there would be no need of multiplication or diviſion.  The-difficul- 


ty will be, to make ſuch a table for all the intermediate numbers, 
_ which 1 preſume the inventar might effect in the following, man- 


2 ner. 


Inſtead of aſſuming the logarithm. "of. 2, he might cuſs 


at 


2 
Fo 
# 
te. : 


/ 


: | . 
of LOGARITHMS. Chap. V. 
and the treble 3-0000000; for the en of 1909, and fo on, 
as in the following table. 1 
tura M . 5 or 
* 1 Pore | 


IO | 1.0000000 
135 100 2.0000000 
=. : 1000 | 3.0000000 

1 5 I0000 | 4.0000000 
I00000 | 5.0000000 


It is evident from the foregoing table, that the N of | 
all the natural numbers between 10 and 100 would begin with 13 
? between Too and 1000 with 2; and between 1000 and roooo 
with 3, Sc. theſe initial figures are called characteriſticks, and 
dencte how many places the firſt figure of the natural number 
ſtands from unity: It is alſo evident, that the logarithm of any 
natural number under 10, would be "ef than 1, with 7 cyphers 
annexed, and therefore would begin with 2, 3, Se. with 6 figures 
more annexed. But to make it contain the ſame number of fi- 
gures as the logarithms of the numbers above 10, he prefixed 
a cypher to it, which i is 25 characteriſtick of all the natural num- 
bers under 10. 

Ts Having thus aſſumed 1.000000 for the . of IO, the Half 
of it 0.5000000 would certainly be the logarithm of the ſquare 
root of 10, which the inventor with great care and pains muſt have 

extracted to 7 decimal places, If this root were multiplied by 10, 
= the logarithm of the product would be 1. 5000000, the half of which 

_ 0.7 500000, would certainly be the logarithm of the ſquare root of 

- that product. In this manner I preſume, he proceeded to find the 

3 : proportionals between 1 and 10, till the root came to more than 9, 

= and then found mean proportionals betwixt that and the'next root 

be. | | be nem 9% till at laſt, ae a 1255 number of 7 he came to 


* A "7." * LF: 9 a 
77 Si N . $33 
4 « 34) wy FI ox * 8 7 


13 3& | 
1H * 


2 8 
of ov TR 
e 
2 = * 


s - 


Rs 
Cav. V. Of LOGARITHMS. 


logarithm of 10, the remainder will be the logarithm of 2, the 
double of which is the logarithm of 4, and that doubled again will 


be the logarithm of 8; and if the logarithm of 2 is added to the 


logarithm of 3, the ſum will be the logarithm of 6. 

By theſe means, I preſume, after a great deal of indefatigable 
pains, and an uncommon application, he at laſt finiſhed his table, 
which was juſtly eſteemed- one of the moſt uſeful diſcoveries in 
the art of numbers, and has accordingly been univerſally received 


by all mathematicians, and the lord Neper is allowed the whole 


honour of the invention without any rival. 
Other methods have been propoſed by authors who have wrote 
on this ſubject, whereby the operations may be ſhortened in the 
conſtruction of the table; but, as our deſign in this place is only 
to make the reader acquainted with the coherence of the loga- 
rithms and natural' numbers, being the ſame with that of numbers 
in arithmetical and geometrical progreſſion ; I think the precedin 
method the moſt likely to anſwer that purpoſe, as being the — 
intelligible, and the fundamental principle, upon which thoſe 


methods that have been found to ſhorten the work muſt be 


grounded. Tables being already calculated by the inventor, as 
well as by ſeveral ſucceeding mathematicians, to a great exact- 
neſs, there is now no neceſſity for that trouble, we ſhall there- 
fore, in the following propoſitions, ſhew the manner of fmding 
logarithms in the tables, and ſome of their v various uſes in arith- 
WN W aa 
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| To fd he Zagarithm of am gives Nas, . 


i Look for the number in the ficſt column, (under No) 
and if it conſiſts of leſs than 3 figures, its logarithm will be 
found in the firſt. page, with its proper characteriſtick. If it con- 
fiſts. of 3 figures, it will be ſound in the following pages in the 
firſt column, aud right againſt it in-the:column. dude 0, _ will 

find its logarithm, with a proper character iſtick. 
If the given number conſiſts of 4 places, find the firſt three 
as before, and look for the laſt figure at top and in the column 
under that, right a Sap the three firſt figures, you will find the 
proper logarithm - * ou are to obſerye, that in this cafe the 


* will be 3; Ter the ablolar number muſt always 


contain 


2 ) 
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contain one place of integers more than the characteriſtick does of 


units. If one, or more, of the laſt figures are decimals, the loga- 
rithm will be the ſame: The difference will be only in the cha- 
racteriſtick, which, as we have obſerved before, always denotes 
how many places the firſt figure of integers ſtands from unity; 
the following examples will be ſufficient under this head. 


- Num. Logar. Num. Logar. 


8 | 0 903090 | 7569. | 3.879038 
88 | 1.944483 | 756.9 | 2.879038 
699 | 2-844477 | 75-69 | 1.879038 
$463 3.737431 | 7-509 | 0.879038 


7 5 P.R- 6 1,” 
To find the abſolute Number correſponding to any given Logarithm. 
Rule. Without regarding the characteriſtick, look for the given 


logarithm in the table; and right againſt it, in the firſt column, 
under N?, you will find the three firſt figures, and at top, the 


fourth figure of the number required. But, if the number thus 


found ſhould conſiſt of fewer places than is expreſſed by the cha- 
racteriſtick, the deficiency muſt be made up by annexing cyphers: 


And if it conſiſts of more places, one or more of the laſt figures 


muſt be decimals, as in the following example. 
I ML bait, 
Let the given logarithm be 3.914872. Againſt .914872; in 
the table you will find 822, in the firſt column under Ne; fo 
that, as the characteriſtick is 3, and the logarithm. is found in the 


column under o at top, the number ſought will be 8220. But if 
the characteriſtick had been 2, the number would have been 822; 


and if it had been 1, the laſt figure would have been a decimal, g 
and only the two firſt figures integers, viz. 82.2. 


If the above logarithm 914872 had not been found under 0, 


in the table, the fourth figure would not have been a cypher, but 
one of thoſe at top of the table under which it had been found. 


EX A EHE 
Let the given logarithm without the characteriſtick be 918345. 


This will be found in the column which has the figure 6 at top; | 
Eras n 


3 


Cn Ap. V. O LO GAR ITEMS. | 
the abſolute numbers muſt therefore be taken to 4 places of fi- 
gures at leaſt, the characteriſtick always denoting how many of 
thoſe figures muſt be reckoned as integers, as in the following- 
Ing, vi. . a | | AE 
3 Logarithmes Numbers 


5918343 828600 
4.918345 82860 _ 355 
3918343 38286 ͤ : 
2.918345 $28.6 

a 1.918343 8 2.86 1 9 » 
0.918345 | 3.288 + : 


If the given logarithm cannot be had exactly in the tables, we 


muſt take the neareſt to it; ſuppoſe it 3.861080 ; the natural num- 
ber correſponding thereto will be more than 7262, but leſs than 
7263. But becauſe the given logarithm is nearer to that of 7262, 
that may be taken for the required number: Thoſe who incline to 

more exactneſs may find a * of decimals by the following 
method. 3 | 

From the given logarithm 3.861080 difference 
Subtract the next leſs — 3.861056 f is 24 


From the next greater log. 3.861116 1 difference 
NE Subtract the next leſs — 3.861056 J is 60 
Then ſay, as 60 (the difference betwixt the two neareſt loga- 
rithms to the given one) is to 10, ſo is 24 (the difference betwixt 
the given and next leſs) to 4, the decimal required: So 7262.4 is 
the natural number correſponding to 3.861080. 

That the natural number is by this method found to great exact- 
neſs, may be proved by adding the logarithms of any two numbers 
together whoſe product is equal to it. eas 
Thus, 605.2 x.12 =. 302.6 x 24 2 7262.4 
| JJ. Na Ao 

605.2 2.781899 302.6 2.480869 
N 12 1.079181 24 1.380211 
TE „e, ↄ BET | 
The reaſon of this is plain, for if! to the logarithm of 7262, 


be added 60, the natural number will be increaſed a whole unit; 


but if only 1 tenth, 2 tenths,. &c. of 60 be added to it, the na- 
tural number will be increaſed only 1 tenth, 2 tenths, &c. of an unit. 
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Hence, by the reverſe of this method we may find te loga- 
rithm of, a number of five figures; for, after finding the loga- 
rithm of the firſt four figures, ſubtract that from the next greater 
logarithm in the tables; then ſay, as 10 is to the differenoe be- 
twixt the logarithms ſo is the fifth figure in the natural number 
to the number to be added to the r R of the firſt four fi- 

„„ 
, Let the number whoſe logarithm is required be 72624. 
Log. - 
7263 LICE res | 1 8 
7262 3.861056 (10: 60: : 4: 24, and 
24 + 3 = 3.861080 


"difference 60 
But becauſe the natural apmber has five Figures the e charatteriſ 


| an i 
e e ee ee Boa mo 
Multiplicttiin 220 Divifion by Ears. 


| Rube, Add or ſubtract the logarithms of the natural numbers, 
their ſums will be the logarithms of the products, and their re- 
mainders the logarithms of the quotients; and as the rule of 
Three requires both theſe operations, we ſhall refer _— for 


examples. 
C 1 f 


The Rule of Three, by Logarithms. 5 | 
Rale, Add the logarithms of the ſecond and third terms toge- 
_mthey and from the fam ſubtract the the logarithm of the firſt term; 
the remainder will be the logarithm of the fourth term . | 
| ECUWS LE T7 
If 64 give 21, what will 72 give * 


| | 40g „ 
ad ſecond term 21 1.322219 . 
third term 72 1.837332 
| 1 um 3.179851 | | 
18 1 1.806180 : 


N fourth term 23.62 | 1:373372 
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As the laſt logarithm cannot be had exactly in the tables, we 
mult (as already obſerved) take the neareſt to it, which is, 373280. 
_ againſt which, in the column under number, is 236, and the fi- 
gure at the top is 2; ſo that 23.62 will be the neareſt, for the 
characteriſtick being 1, the two laſt figures will be decimals, 


We ſhall im the next examples ſhow the uſe of the logarithms, 


when any of the terms are mixed numbers, or decimal fractions; 


and here we think it needleſs to perplex our readers with negative 


ſigns, as the whole buſineſs may be done by uſing the ſame proceſs 
as if they were all integers ; for then the characteriſticks will all be 
poſitive, and denote how many places of figures are contained in 
the product, or quotient; and we may inc how many are deci- 
mals by the very ſame rule that is made uſe of when the o- 
perations are performed by multiplication and diviſion of the natu- 
ral numbers. | | 


* W A PH 6.1 
If 16.5 give 3.75, what will 49.5 give? 


We thall work this as if the terms were all integers, and like- 
wiſe as mixt numbers; the difference will be only in the charac- 
teriſtick, 1 | 2 5 „ 


3-75 Log. 2.374031 0.74031 


| 49.5 2.694605 1.694605 
2 18.5625 65268636 or - 2.268636 
16.35 2.217484 1.217484 

1 63.051152 1.051752 


In the firſt operation, when the logarithms of the ſecond and 
third terms are added together, the characteriſtic is 5; This 
ſhews there will be fix figures in the 2 But then, becauſe 
there is one place of decimals in the multiplicand, and two in 
the multiplier, there muſt be three places of decimals in the 
product, and only the firſt three figures are integers. And this is 
agreeable to tie characteriſtick, in the ſecond operation: which 
being 2, ſhews there will be three places of integers; but this 
does not determine how many places of decimals will be requi- 
ſite to compleat the product. Again, vrhen the logarithm of the 
fitſt, is ſubtracted W of the other two, in the firſt o- 
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peration the characteriſtick is 3, which ſhows there will be four 
figures in the quotient. But becauſe there are three decimal places 
in the dividend, and but one in the diviſor, there muſt be two. 
decimals in the quotient. So the firſt two figures will be integers, 
and the laſt two decimals : It is the fame by the ſecond operation; 
where the characteriſtick is 1. The firſt operation ſeems to have 
the advantage of the ſecond, becauſe it diſcovers how many deci- 
mals will be in the praduet or quotient. | | 5 


A rb l n 


If 165 give. 375, what will. 495 give? | 
The figures m this being the ſame with the former, the opera- 


tion will alſo be the ſame; the difference will be only in the value 


of the figures in the product, and quotient. The ſecond and third 
terms being decimals, their product will likewiſe be decimals ; and 
the characteriſtick being 5, it will conſiſt of fix places: But when 
this comes to be divided by the firſt term, which is 165, all inte- 


gers, the dividend will contain fix places of decimals more than the 
| 1 and therefore the quotient muſt likewiſe have fix decimal 
places; whereas, dy the preceding operation, the characteriſtick of 


the logarithm of the quotient is three, which ſhows it will contain 


only four ſignificant figures; to which there muſt be two cyphers 


prefixed, to make up the deficiency, and then it will be the fame 


as if the operation was performed by natural numbers; .375 x 


495 = 185625, and . 185625 = 165 = oorr253 But if the 
diviſor is a fraction, as .165,-and the dividend the fame as before, 
then it will contain only three decimal places more than the divi- 
ſor; ſo the quotient muſt have three decimal places, .18562 5 — 
JJ n+ Crbrncey i VI 


P R O P. v. ash 
Extraction of Roots, by Legarithms. | 


Rule. Divide the logarithm of the power by the index of the 
power, the quotient will be the logarithm of the root; but if the root 


de given, and the power required, multiply the logarithm of the 


root by the index of the power; the product will be the logarithm 
of the pn A | TE OT rt i, e ont. 


o 


. Of LOGARITHMS, 
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What is the ſquare root of 576? 


Log. Index Log. 
Power 576 2.760422 ＋ 2 = 1.380211, the natural d 


correſponding to to which 1 is 24, the root required. A 


EXAMPLE IE 


What i is the cube root of 138242 


This number, conſiſting of five figures, cannot be found in 
the tables; therefore we muſt make uſe of the method in Ex- 
ample 2. Prop. 2. of this Chap. viz, find the logarithms of 1382, 
and of 1383, their difference will be 314; then 10: 314::45 


125. "= | 
© Log. Log. 
1383 eee e 1382 140508] Log. of 13824 is 
1382 1405081314 1 14063 3, v of which is 
314 * 4 = 1255 10 = 125.6. 125 J 1.310211, and 


the natural number correſponding to this laſt a is 2 
which is the cube root of 13824. 1 


EXAMPLE III. 


Admit two cylinders.of equal length; the Shaman of the one 
32 inches, and its content 4096 cubic inches, the diameter of the 
other 16 inches, required the content in cubic inches ? 

Here, as the lengths are equal, the contents will have the ſame 
Proportion to. one another, as the- areas of their baſes, which be- 
ing OR it will be as the ſquares of: their Giarneters:; that i is, 


As the ſquare-of 32 (whoſe Log, + 6.505150 x is eh 
- Is to the contents 4096 (whoſe Logarithm is — 3.612360) 
So 1 is the ne of e Log: ö 2 is 2 2.408 240) 


ſum 6.020600 
To the aue aun ene mans deer Loguithm is = OI) | 


* X= 


2 1 . $ 1 . ö Ls N Is & + Hat % 8 4 7 2 * * 7 1 
4.6, ye => GOP Fo 8 8 | 


Of LOGARITHMES Cut. v 
rler 


Admit 93 feet to be the length of the keel of a ſhip of 508 5 
tons, and a ſhip of 400 tons to be built, exactly ſimilar to the 


other; required, the length of her keel ? 


In order to ſolve this, it muſt be obſerved, that the contents of 
ſimilar ſolids have the ſame proportion to one another, that the 
cubes of their ſimilar ſides have, therefore, the following will be. 
. general proportion in all caſes where the dimenſions are ſimi- 
ar, vix, Py 45 © © 263-5] 5 

As the tonnage of any ſhip, or the ſolid contents of any body, 
is to the cube of the keel, or any other part; ſo is the tonnage 
of any other ſimilar ſhip, or the contents of any other fimilar 
body, to the cube of her keel, or any other ſimiliar part. Hence, 
50$: cube of 93 :: 400: cube of the required keel, the cube root 


Firſt, to cube 93, by the logarithms. 


of the fourth term muſt be extracted, for the length of the keel: 


97 1.908483 * 3 
400 its Log. . 


fum of 2d and 3d terms 8.507509 
508 firſt term, its Log, 2.705864 . 


= 5.905449 Log of the cube of 93 
dene a 


Log. of the cube, divide by 3) 5. 801635 
85.88 the required keel 1.933878 
er ie nexny „ 
Here the uſcfulnefs of logarithms is very evident, for the cu 


FP 


of 9g would conſiſt of 6 places, as appears by the characteriſtick; 


fiſt of 9 places; and when this product is divided by 508, the 


quotient will have 6 places; and the cube root ef this muſt be 
extracted to four places at leaft; for 85.88 is the length of the 
Keel required, being the neareſt natural number to the Log. 


wann 
= What has been already faid, we preſume, is ſufficient to re- 


commend the practice of theſe admirable numbers to our readers, 


v 


= 


though they may be extended to the ſolution of moſt queſtions 
which require an arithmetical calculation. But they do not ſtop 


here; for they diſcover a method of performing the foregoing o- 


pera- 


* 


char, v. f LOGARIEHME 
perations, even without the help of numbers: This is effected by 


the line of numbers invented by Mr Gunter, which we ſhall treat | 


of in the next chapter, and ſhall only here remark, that numbers 
may be added or ſubtracted, by a ſcale of equal parts' and a pair 
of compaſſes, as in the following examples, where we ſhall make 
uſe of the ſame ſcale of equal parts before deſcribed, | as in 
Plate 2. Fig. 1. | OL 3 


f nd, is, 


Let the'two given numbers be 36 and 18. 
Rule. Extend from the point A (where the line A B begins} 
to either of the given numbers, ſuppoſe 36; ſet the ſame extent 
forwards from the other given number 48, and it will reach to 84. 
the ſum required in the ſame line A4. 


: E ee Woes 3:17 
Let it be required to find the ſam of zo 10 and 4771. As 
theſe numbers cannot be had on the line A B, find them in the 
diagonals, and transfer them to the line A B, in the points &, 2 3 
the extent from A to x will reach from ⁊ to y. Now, to find the 
value of y, take the diſtance of the point y from figure 7, in the 
line A B, and ft it off from figure 7, in the line CD; then a 
ruler laid from this point to y, in the line A B, will interſect the 
. diagonal 2 before y, in the required point, which will be found 
„ {eration is only the reverſe of addition, it will be needleſs 
to give any examples, this being not intended for practice, © 

The reaſon of the operation is ſo 
monſtration : For if two rulers, one of ten inches, and another of 


fourteen, be laid ſo as to make one ftrait edge when joined to 
one another, they will make 24 inches; and if there be fix 
inches cut off from a ruler of 24 inches, there will remain only 
4 7 uy | T | +; 
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. 
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which muſt contain 10000 equal parts, i 


. F 
% 1 3 wt 
4 7 
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2 2 77 the Eine of N bet; 


Hl 8 line may be of any . but as there muſt be a 
particular ſcale adapted to it, we ſhall fix upon the line 

AB, which being divided into 10, 00 equa pars will anſwer 
aur purpole. 
The intent of ths line of camberss is. - only to add or ſubtract 


logarithms, ſo that all that is neceſſary to this end i is to place the 


logarithms properly upon the line. 
The logarithm. of 10, by the table at the end of the book, is 


I. ooooo. But becauſe our ſcale contains only 10,000, we ſhall 


fix upon that number for the logarithm of Io, and 
all thoſe under 10 will be as in the margin. Find 


1. Oο | 
2-30io them all amongſt the diagonals, and transfer them to 
34771 the line AB in the points x, 2, f, p, y, 5, r. 1m. 
4-6021 Draw the line G H, parallel and equal to the line 
56990 A B, and transfer the points x, 2, r, &c. to this line 
5.7781 from the line AB. 
7845 1 We have now the oli hulls" of all the numbers 
| 8-9031 from 1 to 10 upon the line G H; and if to the. end 
9.9542 of it be joined: another line, of the ſame length, ; 
10-1 and graduated and numbered properly, we ' ſhall 


have all the numbers from 1 to 100. But as Ne 
ſcale wil not admit of theſe ; draw the line E F parallel a | 
to GH; and inſtead of doubling the line G H, take 


ü The the line EF) and make it the length of a line of e 
; by transferring the logarithms, as was done on the line G H, but 


there muſt be a ſcale of equal parts adapted to the line EN, 

if we make uſe of the 
ſame table of logarithms as before, And by this means the line 
AB would contain 20000 equal parts, which would require dou- 
ble the number of parallels. Inſtead then of making a new ſcale, 


we. may make the ſame _ ey our end; For it 1s = | 
t ing 


* 
— 


Sr n Of ee e 1 


taking half the logarithms. We ſhall therefore accommodate d Praty >: 


logarithms to our ſcale, as in the margin; transfer all theſe from II. 
the Pr er to the line EN in the points 2, 3» 4, 5 „ 8 Fig. 1. 
+0 then graduate and number the line F. the other 
11-0000 half of the line E F, exactly to the line E N. Theſe 
2-1505 laſt will be the logarithms of 20, 155 &c. for the lo- 
32385 garithms of 20, 30, Sc. are the logarithms of 2, 3, 
43010 &c. added to the logarithm of 10; but E N is the 
5=3495 - logarithm of 10; E a, E 85 the logarithms 2 35 

56-3890 Cc. therefore, if Na, N 3, Sc. be made equal to 
97-4225) E 2, E 3, Cc. EN 2, E N 3, &c. muſt be the loga- 
84525 rithms of 20, 30, Sc. They may be transferred to 
9-456 the line N F from the diagonals, if to each of the lo- 

10- Oo _ garithms in the margin we add 5000. 80 the loga- | 

- rithm of 20, will be'650 5, the half what it is in the 

3 Now to find the units, or intermediate points betwixt 

10 and 20, 20 and 30, Sc. find in the tables, the logarithms of 

11, 12, 13, &c. to 20, and the logarithms of 21, 22, &c. theſe 
muſt be divided into tyo equal parts, to accommodate them to our | 
fcale z: and being found in the dia gonals, pe __ from thones be. 
transferred to the line NF. 7 

We have now the whole line EF nba 4 h x 

parts; t at E, andd the figures 2, 3 Sc. denote ſo many rwe 

1 at N, and the figures 2; 3 „Sc. to P, denotè fo many tens; 1 

at F100: The e diviſions betwixt the figures in the 

line NF are units; ſo the 6th diviſion betwixt the figures 2 and 
qua, the firſt- betwixt figure 1 ande brit x5 wad fo of all the 

re A 10 n 1141 ,080. 7: 9 
If the ſpaces betwixt the figures in the line E N be duated, 

as thoſe in the line NF; they will be tenths of units: ph arr 

the difference betwixt the logarithms of 1 and 10, the logarithms 

of 10 and 100, and of 100 ànd 1000 are all equal; 1 at the point 

E may be accounted 0, and 2 at N 100% at F 1000. The 

in the line E N will now be tens, and thoſe in the line N F hun- 

dreds. The intermediate diviſtons betwixt the figures in the line 

EN will now be units, and thoſe" in the line NF will be tens. 

80 3 in the line: EN will be 30, and in the line: N F zoo. The 

diviſions in the line EN betwixt 5 and 6, will be Pp 52, To in : 

the line N F.x10,' 520, 8 Baltes »t 5 2 an n 
In order to find the e BN _ 1999's 22 Cr. . 
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g 
. 


mn. 


of the Tine, of Neve: Can. 
muſt find the logarithms of thoſe numbers, and transfer them from 
| the diagonals as before directed; which would require the ſpaces 
betwixt the figures to be divided into. 100 equal parts; but the 
length of our ſcale will not admit of this. The diviſions betwixt 
the figures 1 and 2 are ſub- divided into five, by transferring the 


| logarithms, of 102, 104, 122, 124, Sc. and the diviſions betwixt 


2 * 


N will be ten, 1 at F 100. The ſtrokes — 


2 and 3 are only ſub- divided into two, by transferring the loga- 
rithms of 205, 215, 235, Ce. The ſpaces betwixt the other fi- 


gures are only divided into ten; ſo the units can only be had by 


taking +, 4, 5, &c. as near as the judgment can dire. 

The line being. thus conſtructed, it will be eaſy to find any 
number upon it: And that this may be done with all poſſible ex- 

ition, where the {paces are divided into ten parts betwixt the 
. every fifth is diſtinguiſhed by longer ſtrokes than the 
tens. Again, where the ſpaces can admit of being divided into 
more than ten parts, the ſub-diviſions are diſtinguiſhed by ſhorter 
ſtrokes than the tens. Now the value of theſe ſtrokes are deter- 


mined by the value of the figures, x hich being arbitrary, they 


muſt be determined before we can find any number upon the line. 
If the number be leſs than 100, 1 at E may be unity ; ee 

tens in 
the line E N, will be tenths of units, and thoſe in the line NF 
will be units. The ſhort ſtrokes betwixt the tens are eſtimated 


according to their number, for if there were 9 intermediates, each 


would be 1ooth part of an unit in the line EN, and tenths of units 
in the line NF. If there be only'4 intermediate ſtrokes, each 


Will be z00th . e 


but one ſtroke, it will be cooth, or 5 tenths. 


If 2 were tequired, lc for tender in the line EN _ 


it will be at 2 Ache ine N F; if 3 o 3.5, count 5-ſtrokes be. 


 yond the figure 3 in dhe line E NT this,/as was: before: 


WII always 9 any of the others. If 400 were re- 
accou 


the line N F will be 400; 470 wilt be 7 ſtrokes beyond — 5 
475 Mill de in the middle betwirt the 7th and 5th ſtroke 


„1 M E . 4 in 
beyond 
agure-4 ; if 473, we muſt take little more than ⁊ of the ſpace be- 


e ee but an une Yo WS e grant 


J 


e line G H is called a fingle 1 las ebe . (hes . 


; Be a double one: This i eee 


N e 


t > + 1 

2 FR 4.5 
RO 5 OE 1 
F 5 2 e Ae 8 


be units, but if itexceed 10,t at G muſt he 10, and 1 at E 1 


W root of 8 1. 675 8 
. . 
3 35 o is the cube of any number tri le the diſt; 


SECT. I. EE . ' Of the Low of Numbers. N 


It is very plain t 


either the ſe _—_ or root of any number on ye lines. A few 
examples will illuſtrate this. 


Let it be required to find the ipod of 6. To 66 U l 0 


multiply it by itſelf, or to double its logarithm. Now this is at 
the point 6 on the line EN, extend therefore from E to figure 6, 
the ſame extent will reach from 6 36 = 6x 6 : But 36 is double 


the diſtance from E that 6 is; and 6 i ;3 the line G H is likewiſe dou- 


ble the diſtance: trom G that 6:in.the line E N from E: So we 
ſhall have no occaſion for compaſſes; we need only look for the root 


on the line G H, and the ſquare will be on the fd EF Eby 


gainſt the root: If the root be leſs than 10, 1 at G and at E 
If the ſquare be given, and the root required; look for the 


ſquare on the line E F, and the root will be a; rift it on the line 


G H. Let the ſquare root of 8 1 be required; 81 will be found in 


the line N F, and will be double the diſtance from E, that the 


root is from E. We inuſl therefore find, by compaſſes, half the 
diſtance from E to 81, and whatſoe ver or point is at this 


; Tue 9 94M in the line E F; the figure of the ſame name, or point 


value in the line G H, will be double that diſtance 
Fan e. and therefore muſt bo againſt Ban and in this cake 


nare of any number is Jou 


oat hams Gage ee 0 a 5 
mbers by inſpection; draw the line e o 

bog lines E F. 50 GH. Divide it into three < qual 

pane Make each of theſe a Jing, of nase A / . a 


a ſcale of equal parts to it, or taking one third of the o- 


arithms, and making wh Web the Gow F This 
Iine is called a triple line of numbers. Now if the cube root of . 
any number be required ; look for the cube on this line, and its 
root en for the ſame rea- 


ſo þ thee tg open is on EMS | F. 5 e oe 


DIV DIANT 
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the former does; and it is only two lines of numbers joined orig 
one another, both Ne and numbered alike.” 


the figures 2, 3, Gr. in the line G H are Fig. 12 
5 double the diſtance from one another, that the ſame figures are 
in the line EN or NF; fo that we may, by inſpection, find 


e eine, Re root «Fig 2,3. 


3 
7 1 


Of the Eine of Numbers. ; Cnae.. VI. 


the cube re ired; look for the root on the line GH, and its cube 


Will be on the e line 1 K, right againſt the root. 
Note. Becauſe the lines G H, E F and J K, are at too great a 
1 from one another to find the cubes, ſquares, and roots, 


without a pair of compaſſes, there is a double line drawn cloſe 


0 the ſingle line, as in Hg. 2. and a fingle line drawn cloſe to the 
triple line, as in Fig. 3. fo that 1 may; leere * a table of den 


and ſquares. 55 


F a 8 8 5 13 5 N 

1 * nn I ö 5 8 3 8 "© "Ws EY I 484 
$ ei * erg 1 010 369 . 5X] e 
* I 5 * : 
F op | *" * * 100 To 4k. I 
; 5 ; 
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$4 OD. 8 5 ne U 

* WW a * \ » : 
$155 vat e . NY ail yet? not i 


Wa 65 of the du. Line 5 ana, 155 


r. is 8 4 the eee af 5 lioe of oarabers that 
I. the en of any number may be had by a pair of com- 
Thus, extend from the beginning of the line to the num- 


ber pany on logarithm is ſought that extent Fri. my the oe | 


i 


of wn 4 pſt teh give. the logarithm e 


WR 


N 1 . 1 Ta ES 4 
94 i 0 4 of — 1 1 
n eee e 
. 4 «&. 12 4 Af 4 1 * 1 4 * * = * 85 ? 1 * 4 * A 


ee ie be gie i id the gh ue o 1 
Extend from; the beginning of the line to 4; 
fired on the ſcale of equal parts will, give '6021, Which is the lo- 


1 » 2 


garithm of 4. The like may be ſaid on any other number; which 
Zo plain, being only the re reverſe of the' method by which the. 


F $5 74) 4 


Was cohſtrücted. wer 


The intent, of 0 the logarithms '6f any „ numberg in this 


dum, is in order to à 15 or ſubtract e But if this can be 
by the line of numbers rs only, we wy 144 no occaſion for 

the ( {ca equal p | 1 
We have Yread 


"of e therefore we way add Ad the logarithms of any 
two nurn 315 Jn the * manner; and the 2558 de be the * 
13 of their product. FE I” 5 a0 3 „ 


"Srxt1 a ai) 101 E 5 4 1 5. * ws Tint 2g 1108 WOT. 
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5 Let i be required to add the logarithm of 3 to the pu 
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tllat extent med £ 


t hath bb ae . mate by'the | 


ster. | | | Of thi Eine ef Nit er 

This cannot” de done by the ſcale of equal parts without having 
a table of logarithms; but this defect is ſupplied by the line of 
numbers. The logarithm of 3, hy the table; ĩs 477, and the lo- 
garithm of 4 is 602 1. Now the points 3 and 4 upon the line of 
numbers, are the ſame diſtance from the be inning of that line, 
that the numbers 477 rand 6021 are from the beginning of the 
ſcale of equal parts: 80 that it will be the fame ching, to extend 
from the beginning of the line of numbers to 3, that it would be 
to extend from the beginning of the ſcale of equal Parts to 4777, 
and when this extent from 1 to 3 is ſet forward from 4, it will 
reach to 12, Which point is 10794 equal parts from the beginhing 
of the line of numbers; and that number being the ſum of 4771 
and 602 1 (the logarithms of; 3 and inks the ee 12, as 


; * 
N 
= " 4 


N Y the 1 i 100 J e n e 
1 int * HOMETIOG bt 5 13 8 + 5925 112 
„ - | Multiplication by the Line of Nionbers, » __ 311 1 


| ds E from 1 tb either of the given numbers, that e 
tent will reach from the other given number to the product: * 


few e will ſuffice to illuſtrate this. 
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Thee extent from, I to will Wen from, 8 to 48. b 
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Let it be W to multiply 98 by 8. : 
. Here t Array from 15 8, 5 ſet forward from 98, will | 


the end of the 5 : 59 85 if 1 at the beginning 
> Ob 
er 


k tte „Alt the figur . 
25 'on the Fre rok 40 ee dre die 
the end ee e e ee e eee Nike + 


Ende accounted: 105 5 58 di be found on HH ficſt part of the 
and becauſg the ext 12 19/9 the ache a fe from id to 


30 dee ſet forward from 98, it 
a'requite! T W c * f lara. Jo 9105 Here Cox 
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Of the Line of Numbers. Cy ar, VI. 
A ſliider having a line of numbers upon it, exactly the fame 
5 Kees that on the rule, will. perform: the office of a pair of com- 
65 en being readier) for praQtice, - we Are der 0 | 
e it. 5 CC ö 
As in the firſt e Joh be ed Al mmsitiply 6 by 8. it 
Set 1 upon the ſſider, againſt 6 upon the rule, look for 8 upon 
b the flider, - and againſt it is 48 upon the rule; and when the ſli- 
der is thus ſet, we have the product of _ vumber multiplied by 
6; for-againſt 2 is 12, againſt 6 is 36, ſt 10 is bo, againſt 
Wy is. 96 3 but 17 on the Hider goes beyon end of the line up- 
on the nile. In this, and in doch Hike caſes, the value of the. fi- 
gures muſt be altered, as obſerved: before; and 1 at the begin ginning 
muſt be 10, and 17 will be found in the firſt part of the line up- 
on the ſlider, and againſt it you will find 102 upon the rule. If 
the number had been 170, the operation would have been exact- 
ly the fame; it would. be only calling the 2, 100, and ug a cy- 
1 to the product 102 which would make it 3020, 


K e ant +5 _—_ 2 by the Line of Nun bers, J 


This is only che reverſe of multiplication, for the extent * 
the diviſor to the beginning of the line, ſet back from the dividend, 
will reach to the quotient... Or by the flider ; ſet the diviſor on the 
flider againſt 1 on the rule, and againſt the dividend on the Lider, 


* will E 6:6 e the $48 x 

Let 48 be divided 92 =. i wh th : | ef 
86 B gate ids, api 1 Per WR TE againſt 8 a the 
flider i is 6 on the rule; the ſli er, we have yr 


nn of ane” pr ae | by, by 50 xCtion e rea 
will perceive upon nation. 3 
NEL ore Sk pe: 
to each part of the fraction; and if the denominator upon | 
der is ſet 40 on the rule, then againſt eee 
will find decimal fraction upon the rule. N * vulg 
fraction 4 or 7 en be und: 5 pas 


®. 


When we uſe the llider,. it BL 


ster. 5 of A Line — 


Rule of Three by the Line of Numbers. 4 
This is a find a fourth 2 7 8 to three given numbers. 


Neale. Place the numbers, or ſuppoſe them to be placed, as in 
the rule of three direct; then 553 from the firſt to the ſecond; 
that extent ſet the ſame way from the third, will reach to che 


fourth number required. 


By the ſlider, ſet the firft term upon the flider againſt the ſe- 
cond term upon the rule; and againſt the third term u "I * 
REF you wil whe the fourth term required upon the rule. 


pr. BR 1 * 4 of a Mp hs E. J | CEN 
Dd FEA THT Oy BOG 20 :: 27, to which «th is 


4. required Gay ſhalt bear dhe e er pr 27, that 20 does 
tor 2 8 79 


875309092. e 
I ip Ache ae ek a cre gute r and a inſt 27 
n the llider, you will find 4 upon is rule which is the 


Surtk term b fer 12 80 7 47: 45, the product of the 
extremes (12% 45 540 ) being equal to che product of the 
means: anden ale} ee nn nee at 

In order to demonſtrate the ——— of this rule, it will hoped 

r to obſerve ; that to perſprm the operation by figures, 20 muſt 
be multiplied by 27, and the product divided by 12. 

By the method already ſhewn for — by the line of 
numbers, the extent 14 0 20% ſet forward from 27, will reach 
to 540, t lm bat then, ts! this — 7 — tie divided 
by 12, the extent from 12 to 1 muſt be ſet back from this — — 
duct 340. No it is very plain, that in effect, we only ſet 
diſtance between 12 and 20 forward: from 27: For as m_— 
obliged, after we have ſet forward the diſtance between x and 20, 


to ſet back the diſtance between 1 and 12; it is plain, that be- 
twirt this laſt point and 2, there will be era e ee 
tance as there is between 12 and z tilt act Raine bas oc 


It muſt be obſerved, that in extending, if thi ſecond term is 
greater than the firſt, the. fourth wem will be to the right hand 
of the third; but if it be leſs, i it t will e the third : 
1different. whether the firſt term 


be taken on t ne ſlider, 95, oh the rule, provided the third term de 
taken on the ſame ne a8 hearing « Ne eerie nater; ro 
* 2 4 ; | 


* 
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_ + of the means is taken for the ſecond term; for 12: 202: 27 : 4 53 
and 12: 27::20 *g5. F 

Having now fully explained conſtruction 5 uſe: of the 

| line of e e 00 give hg e e that moſt 

commonly e 20,the.ſhipwrights. | And as the flider is moſt, 

ee a make uſe of ee cg 00 3097421 1404 


GI em #5 Has 1171 


7 ql Ai a 85 TeX nd, M 14 * . 2 2 8 eie ee eee 


- Sup} ofe it were required to know how plac bd ft "PP RH 
gain in 30 days, ar the fate öf 3 Hfnillings M nee e 

To reduce this ws: hp le O 0 ree (x br SET. 90, 

and when the ſlidet let 35 clk "is 4 againſt 3, b wi 999 be 

againſt 30. ern et at e to e and ſuch like queſtions, 

is ſometimes requixed ds, this muſt again be divided by 

20; and the operation _ the pen would, be 3 & 30 20 =4. 5, 

Now, here ate er gr to: by multiplied h one another, and 

divided by; aythird, the it will be 208 31653024615 And in — 

ſteack of fetting 1a let 40 in, * an e 7 ill 8d 

4. and 5. cf the ſmall divifions, which each of which. 

| in this caſe, muſt be reckoned 25. ſo that, 4 2 5:tenths with be 
_—. | 44306: Wh ii 2107 ud? bo nol! el: SH Atte 91 Fl bye FE; 
= - - Reset: o. A X NM Eee 1904 35180 a hg 


£199 t! ih eben 4 245 Sith; NE vet Bat 1a ts wif 
+5 - What-is the 3 fafths: of: 445 ?:;} 19 xy bse rn bofs Pu r 
As the Z of 5 is 3, ſay by the rule of ihre, ele bt 
Bollf '$ give 3, What will 4.5 give? The anſwer, will. be 27% f or 
| 5 2245: . 246 421 It Hatt. tA SE CHEST 16 [5 2115 iT} G 
3 | Renn this example;. 1 the 8 rule, the finding the 
—_  - | FP maſts and: yatds, having the partners ans Gigs givens 
3 | | an thei Ig the quarjers muſt be of th 


— 
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7 4 Set the denaminigr.of the 1.againſt che n 1 
wor, and againſt the ſlings will be the quarter Wire 1 26 30285 
5 725 bagoat, 9111 EF nit Za Sig 114 Muſs WW 
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"I PLE is 25 inches at the ſings what vill 1 7 
KF the proportion being 3 Ichs of the lings N 
25086 5g ainſt a, and agal e e 10, "S225 5,256.10, 
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Seen... > Of he Line of Numbers. 


EX AMP IL E IV. 


If a ſhip of 69 feet by the keel, be 23 feet brandi 3) how broad 
will a ſhip of 75 feet be, that is built in the ſame proportion? ; 
Set 69 againſt 23, and againſt 75, you will find a5; and the 
flider being thus ſet, we have by inſpection, the breadth of any 
ſhip, if the length of the keel is known, and the proportion, the 
ſame as above. It the keel is in feet and inches, it will be en | 


firſt to work for the feet, and then for the inches, | 


BAL EXAMPLE: V. | 
What will” be the. breadth of a ſhip whoſe keel is 75 fit. 9 


inches, the proportion being as 3 to 1? 


Set 3 againſt 1, and againſt 75 you will find 2 53 * without 


moving the ſlider, "againſt 9 (inches) Ju MN will find 33 ſo the breadth 


By gt is 25 feet 3 inches. 


; WM EXAMPLE VI. oe 
Suppoſe a ſhip to be of the Tee dimenſions, viz, 


[IF 


$4 "ſp of the keel 93 feet 4 inches. 

Extream breadth — — 32-0. 
Breadth at the tranſom — 18 4 55 
Breadth at the top timber line — 26 IN 


"+ ſuppoſe ſeveral other ſhips are to be built in the fame pro- 
portion, and the len nerf of the keels are given, as follows; the 
other dimenſions will, by the foregoing method, be found to 15 
as in the columns, VIS. 


A Ns Lengths of | Extreme | Breadth at | Bre. at the 


the keels, | Breadths. the tran. top line. 
a Me! Rn is Soi n ß 


iE 9 5: * Ard n e 
7 eee th. 62.7 $1:-231/2, 4:95: 
123 0 42 : 24 Ox | 34 0 


What has been ſaid in Bo 155 ill ſalfice, for fin a 
theſe dees. 2 mene, + n abs 
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EXAMPLE VII. 


The length of the Teck, andextreme breadth, being given; 
find the tunnage. 

The gener method i is, to nit the length of the keel bs 
the breadth, and that product by the half breadth; then divide by 
94 and the quotient will be the tunnage required : Or, which is 
the ſame thing, multiply the breadth by the half breadth; then 
fay, as 94: is to this product: ; : fol is the length of the keel: to the 
tunnage, 

5 the length of the keel be 93 feet 4 inches, and the breadth 

2 feet. | 
4 The operation by the ben will be 93 feet & inches x 32 
2986.8 * 16 = 47098 = 94 = 598 24. 

The firſt ſtep by th ider Will be, ſet 1'a ainſe 93-4 K 
93 feet dr = 93:33), 7 againſt 32 will b be 2986. Now as this 
product is to be multiplied by 16, and divided by 94, it will be 

94: 2986.8 :: 16: 508 355 therefore, if you move the ſlider till 


94 is againſt 2986, 8, the tunnage 508 nearly, will be againſt 16. 


n finding the firſt. product, there is no occaſion for eſtimating 
the number, only let it be marked, ſo that 94 may be moved to 
it; we ſhall ſhew in another place how this! may be done af once 


by the ſlider. 


By a carefi attention to the anner of ſolying theſe. queſtions, 
it will be — apply the | Pj any other ring heh, 51 12 rule 
of three, whether direct or inverſe; ar any * elſe ut is per- 
2 * by multiplication or Giviſion: 1 vi 

We ſhall 29 888 8 a few 1 meaſuring plank and tim- 


r. 4 £54 TETE £254 at 


2 


We 4 ind Chap. 4 4. Seck, 3; mor al A is odafiiered 
as an oblong ſquare, and -meaſured-as a plain ſurface, without any 
regard to the thickneſs; and that all the varieties thereof may be 
reduced to the rule of three by the following adp 
3 lengeh in feet: - breadth in feet? bo EL /T8 

12: length in feet : : breadth in inches: Paine 7102 
144 : — in inches : : breadth in inches : 1 


Be Fs 
+ ef V's 


- 


nm 
* 
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Let there be 5 planks of the following dimenſions | a 
1 I. Be Ara L. L. B. Area. 
% l T. 
20 95 1:20: : 75: 15; or 12: 20: : 9: 15 or 144: 240: : 9:15 

40 6 1:40: 5: 20; or 12: 40: : 6: 20; or 144: 480: : 6:20 
36 12% 1:36: 1: 36; or 12: 36: 12: 36; or 144: 432: 12:36 
Zo 18 1 30. I-25: 37-53 Or 12 30::I5: 373307 144: 360: :15: 372 
15 18J 1:15:: 1.5: 22.5; or 12: 15: 18: 2253 or 144: 180; :18: 224 

Here every example is done 3 different ways; which method 
may be very uſeful for proving the examples, of which our rea- 
ders may furniſh themſelves for practice with. as many as they 
pleaſe, the above containing 15 different queſtions in the rule of 
three, which we preſume ſufficient for our purpoſe : Their ſoluti- 
ons will be found as before directed: For it x at the beginning of 
the flider be accounted 1 tenth, 1 in the middle will be unity, If 
then this 1, in the middle of the ſlider, be ſet againſt 20, on the 

rule; then will 15 on the rule be againſt 75 on the ſlider: Or, if 
12 de ſet againſt 20; then 15 will be agai # 9: And if 144 be 
fet againſt 240, 15 will likewiſe be againſt 9. The like may be 
POS OE rand Ing 
We have ſhewn before how this may be done by the pen, via. 
by finding the ſuperficial content, as if it was plank. This mul- 


tiplied by the thickneſs in inches, and the product divided by 12; 
the quotient. will be the content in feet. So that here there will be 


two operations: The proportions are.. 
I. 12: length in feet: breadth'in inches: area in feet. 
2d. 12: atea in f᷑et:: thickneſs in inches: contents in feet. 
Or, 1: breadth in inches: : thickneſs in inches: a fourth number. 
And 144 : fourth number:: length in feet: contents in feet. 
Phat is, multiply the breadtli by the thickneſß, if both be inches, 
and this product by the length in feet; divide the laſt product by 
144, the quotient will be the content in feet. 
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Required the content ofa piece of timber 20 feet long, 18 
inches broad, and 15 inches thick. | 1 


1. 12: 20: : 15 $25 Or 1 a 8-2 15:2: 270 

Then 43-2 25-33-38 5 375: 144: 270 :: 20: 37 
Here we muſt draw out the ſlider twice; firſt 12 againſt 20, 
then 25 will be againſt 15 ; ſecondly 12 againſt 25, and 37; will 
be againſt 20, or I againſt 18; 270 will be againſt. 15, and if 144 
be ſet againſt 270, 37+ will be againſt 20 as before. There will 
be no occafion to eſtimate the value of the fourth proportional to 
the three firſt numbers; it will be ſufficient to mark it ſo as that 
the flider may be moved till 12 or 144 be againſt this point : But 
as this will be attended with ſome inconveniency, it will be beſt to 
make uſe of the inverted-line, which performs it at once without 


« 


moving the ſlider twice. 


*IY 


> 2 Deſcription and Uſe of the inverted Line. 


The flider is fitted betwixt two double lines of numbers, of 
which the lower one is inverted, in ſuch a manner, that 12 upon 
it, is exactly againſt 12 upon the upper line; ſo 20, 30, &c, upon 
the inverted line, are as much to the left hand of the point 12, 
as 20, 30, Sc. are to the right hand of the point 12 upon the up- 
per line. In reading the inverted line, we begin at the right; and 


| becauſe the diſtance betwixt 1 and 12 is more than that betwixt 


12 and 100, the inverted line begins at 1.4, for 1 would extend 
beyond the end of the ruler. e et e Toes: 2 : ET WE i 
Now the ſlider having two double lines of numbers, graduated 


exactly as the upper line, it will follow that whatever way the ſlider 


4 
1 


the moved, the point, 12 pon, the upper live on the rule; and the 


point 12 upon the lower 


line on the 
ſame number. „ 


4 
» - 


%%% col rea es To Eo oblab eee 110 f e f Ly 
To meaſure Timber by this Line, when the Breadth is not the ſa; 


87 
* 


with the thickneſi, and both given in Inches, and the Length in 


£ 


Fe, 


| Rule. Firſt find any ofthe three given numbers upon the in- 
verted line; then as this number upon the inverted line: is to ei- 


ther of the two given numbers upon the ſlider:: fo is the third 


given 


Mz 
iis . 28 * 5 
3 © * * ö . 1 A 
* \ I Y 22 
"NNN, WS: >. 
+F* I'S. * 
2 1 7 55 I 
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given number upon the upper line : to the content in feet upon 
the ſlider; obſerving that the upper line upon the ſlider, com- 
: pares with the upper Jine upon the rule, and the lower line upon 
the ſlider with the inverted line. | 
As in the foregoing example; ſuppoſe a piece of timber 20 feet 
long, 18 inches broad; and 15 inches thick; ſet 15 on the inverted 
line, againſt 18 on the flider, and againſt 20 on the upper line, 
you'll find 37 + upon the ſlider; the content the ſame as by the 
two operations. ATOP 1— 145 t 5 3 
The reaſon of this will appear very plain, only by confidering 
in what manner it is performed by two operations, and making 
uſe of the fame ſlider, and the upper line with which it com- 
pares: For firſt, to find the fourth proportional to 12: 15 :: 18, 
we draw the ſlider out till 15 upon it is againſt 12 upon the u 
per line; and when in this poſition, 12 upon the ſlider will be a- 
gainſt 15 upon the inverted line. Now the fourth number will 
be on the flider againſt 18 upon the upper line, which will be 
222: And becauſe 18 on the upper line, is the ſame diſtance 
from 12 upon the ſame line, that 18 is from 12 upon the ſlider; 
or which is the fame thing, that 18 upon the ſlider is from 1 5 
upon the inverted line; nen we draw the flider to the left hand, 
to bring 22 4, the fourth number, to 12 upon the upper line; 
the point 18 upon the flider will likewiſe. come as far to the left, 
and therefore will be againſt 15 upon the inverted line; Which is 
the very thing we are directed to do by the rule: And when it is 
thus ſet, 12 upon the upper line will be againſt the fourth num- 
ber on the ſlider; and the content, without moving the ſlider, will 


? 
* 


he found upon it againſt 20 upon the upper line. 
Tbo' all plank is meaſured as a ſurface, the value is eſtimated by 
the load, which is 50 ſolid feet: The following proportion will 
ſerve to find how many ſuperficial feet of plank will make a load, 


viz, As the inches thick! is to 12 f; 91s 50. the ſolid feet in a a 
load : to the ſuperficn ders 1 3701 e N 89 0 2 [ 
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and 64 upon the doubfe line on the fl 


4 


no occaſion to move the flider; only look for 6, the fourth num- 
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TER Þ D Pn: 3s 
1] he fingle Line commonly called the girt Line. 


TT was obſerved: before in the eonſtruction of this line, that the 
figures upon it are double the diſtance from one another, that 
the ſame figutes are updn' the double, and triple the diſtance that 
they are upon the triple line: Alſo that the cube and ſquare roots 
were had by inſpection. | We ſhall now ſhew the uſe of it in mea- 
PPP 
Cafe 1. When the timber is ſquare, that is, when the breadth 
and thickneſs are both alike, and given in inches, and the length 
in feet; g find the! cattent i feet.. 
Nule. Set 12 upon the girt againſt the length on the double line, 
and the content will be on the double line, againſt the thickneſs 
—. p . ei mont 


= 


a 22 6 75 JS 7, EE: 6 
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J £4 2 3- & * 4 & % * * % Ss » — % ” 0 


10 
Required the content of a piece of timbet 8 inches thick, and 
9 feet . Set 12 Both he git againſt g upon the double line; 
and againſt 8 upon tlie girt will be 4 upon the double fine ; the re- 
quired content in feet. T he reaſon of this will a 75 very plain. If 
we work it by the double line, the proportion will be 144: (88) 
64 : 9:4 ſo the extent from 144 to 64, will reach from 9 to 4; 
and if we moye the flider till 144 upon it, be againſt 9 upon the 
Goudle Tine, then will 4 be | agaitff 64. Now, if inſtead of 144 
+ doubt nw on the flak; we take 12 ani? 8, (te 
-roots'of theſe numbers upon the gitt hne; they being the fame 
diſtance from one another, they will perform the fame offite; and 
becauſe 144 is always the firſt term, and the'ſquate of the thick. 
neſs the ſecond term, the rule will be jou 4 
This might likewiſe be performed by the double line without 
moving the flider twice : The proportions win Be 12: 8: : 9: 6. 
Now when 12 is ſet againſt 8, then will 6 be the fourth propor- 
tional to the three firſt numbers, and in the next three numbers, 
the firſt and ſecond terms being tlie ſame as before there will be 
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ber before found upon the ſame line with the 12, and againſt it 
| you'll find 4, the content, upon the ſame line with the 
Caſe 2. When the breadth and thickneſs are uncqual, to find 


the contents by the girt line. 
Firſt find a mean propertional between the breadth and thick- 


neſs, in inches; then ſet 12 upon the girt, againſt the length in 
feet upon the double line, and againſt the mean upon the fits 
of * Fe tit in FR VO we _ 0 


4 Sand 5 e as r piece off Rakes 20 nl Geek! law 28 | 


inches broad; and 15 inches thick, Before this can be n we 
maſt find the mean thus. 


Look for eitherof the given numbers, pas 18, upon the | 
doubly line, and move the flider till this number is uppoſits to 18, 
the fame number, upon the girt line ; then lock for 25, the other 


given number, upon the double line, [nad againſt it youll find the 
mean required upon the girt line, which will be a little more than 


16.4; and when, 1 4 upon the girt is et againſt 20 on the double 


line; againſt the Wen a the Zint 1 37 K the content on the 
double: Hine: l 2; 1 20 

it is plain thatghis mothdd roquives bros operations; one to 
and 1 mean, and the other to ſet 12 to the length; ſo that it 
will be better to uſe the inverted line, as before directed. 
To. demonſtrate the reaſon. of this methad: of finding the mean, 
it muſt be obſerved, that to do it by the pen che to numbers muſſ 
firſt be multiplied into one another, and then the ſquare root of 
the product will · be the mean required. Let the two numbers be 
3 and 27; ; their product is. 81 the 75 root of which. is 9, the 
mean required; for 3 * 27 51 


Now, to do this by the line of n Re: we muſt ict extend 


from 1 to 3; that from a2 will reach tog D And to find the 


A {ſquare root of 81, we muſt find the middle point betwixt 81 and 


the beginning of the line; but this will be exactly in the middle 


betwixt 3 and 27; for let the extent fro 1 to 3 upon the line 

of numbers, be repreſented: by tho line's A aul det c be the paint 
; the 3 a+ ſet forward from c, will, roach! to the pr gray | 

5 


Ba at d. Nom to findi x, the middle of the: une 4 & di 

1010 two equa ey. which will: Bow the: bom requitcd For 
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cl bfr. 7 Numbers, Cr. VI. 
ab. and od, being equal by conſtruction, they will be oY; di- 
bx from the point *, the 5 of the line. 5 8 0 
a h 3 * 55 wh E + | W þ pn 47 
The figures on che girt line, as was obſerved before, are double 


7 che diſtance from one another, that the ſame figures are upon the 
double: Therefore When 27 on the double line, is ſet againſt 27 
on the girt, 3 on the double line, which then will be againſt 9 on 
the girt, uſt be the middle point betwixt 3 and 27 upon the girt, 


which may be proved by a pair of compaſſes; though theſe two 
numbers 3 and 27 are not to be found upon the girt line, which 
begins on maſt of the ſliding rules at 4, and ends at 40: Now it is 


very plain, that if the line was produced to the leſt, of a ſufficient 


length to begin with 1, that point would be as far to the left of 4, 
as 10 is to the left of 40; and 2 and 3 would like wiſe be as far to 
the leſt of 4, as 20 and 30 are to the left of 40 ; and if the extent 


from 40 to 30 be added to that betwixt ꝙ and 4, theſe two will 


be found equal to the extent betwixt 27 and 9 9. 202. nis 11 
The reaſon, I preſume, for calling the ſingle line the girt 1 
is, becauſe hen the quarter of the circumference is taken for the 
Ge of the · ſquare, the tree is girted with a line, and the breadth 
and thickneis being ſuppoſed equal, the content will be readily 


found by this line; and the reatos oy We ay 115 = Ta 


10 1 2858 examples. 16 1 1 
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20 2 Apere be 3 pieces of timber of - 20 feet 8 thei breadth 

5 hicknels equal as below. TREE i UE Oe 
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I the dir int begins at 1, when 12 upon it is Et a ag 
n the double line, then 8 and g will be beyond the end of wink 0 


double line; ſo the content cannot be had, unleſs we obſerve 
what point of the girt line is againſt 1 at the end of the double 


line, and then bring i at the beginning of the double line againſt 
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Sect, III. Of the Line of Numbers, © © 99 
the ſame point; whereas by beginning at 4, we can have the content for 
any thiekneſs from 4 to 40. Z 
But this line may be adapted to ſeveral other uſes: We ſhall only men- 
tion the three following, vig. | | 
1/, The length and breadth of a ſhip being given; to find the tonnage. 
It was obſerved in Exam. v. Sect. 2. that the method of doing this re- 
quired two operations, viz, Firſt to multiply half the breadth by the 
breadth; then, as 94 is to this product, ſo is the length of the keel to 
the tonnage. Now if we double the firſt and ſecond terms, their pro- 
ducts will be proportional to the third and fourth terms as before; the 
double of the ſecond term is equal to the ſquare of the breadth, and 188 
is the double of 94 therefore 188 is to the ſquare of the breadth; as 
the length of the keel is to the tonnage. So that if 188 upon the double 
line of numbers on the ſlider, be ſet againſt the length of the keel upon 
the double line on the rule; then will the tonnage be upon the rule, 
againſt the ſquare of the breadth upon the ſlider. But if, inſtead of the 
firſt and ſecond terms upon the double line, we take their roots upon the 


girt line; becauſe they are the ſame diſtance from one another ; the ton- 


nage may be found without moving the flider twice, as in the following 
example, where we fhall take the ſame dimenſions as before. 


ve + 1 — 1 — * $ 
4 = 2282 8 Cp" £ ＋ . 4 e * * * + F * * 2 8 * £3 * c 
E35 1 R E 3 5 + A 2-4 M E P 3 E 3 ; 
Ag p 4 L 0 ; . e& : : 
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Length of che keel 9 feet 4 inches, breadth 32 feet ; required che 


Rub. Set the tonnage point upon the girt againft 93 feet 4 inches, upon 
the double line; then againſt 32,'the breadth upon the girt, is 508 upon 


the double line; the required tonnage. © Te 
Note. The tonnage point upon the girt may be found by ſetting ro upon 


che girt, againſt 10 upon the double line; then againſt 188 upon the 


double line, make a mar k upon the girt, which will be the tonnage point. 
Hence, if the length and tonnage be given, and the breadth required, ſet 
the tonnage point againſt the length upon the double line; then the breadth 
will be on the girt, againſt the tonnage on the double line. But if the 
tonnage and breadth are given, and the length required ; ſet the'tonnag 

upon the double line, againſt the breadth on the girt ; then will the le 1th 
be on the double line, againft the tonnage point upon the girt line. As 


jf it were required to find the breadth of a ſhip of 3 oo tons, the length of 


the keel being 78 feet: When the tonnage point is ſet againſt 78, then will 
line 


F 


, 


100 1 Of the Line of Numbers. © C Ar. VI. 
line: Or ſuppaſe the breadth 26 feet, and tonnage 280; required the length 
of the keel. Set 280 upon the double, againſt 26 on the girt line; then 
againſt the tonnage point is 78 on the double line, the required length of 
the keel. So in this caſe, one foot in breadth will increaſe the tonnage 20 
feet, which may be ſeen without moving the ſlider. | ld 
ad. To find the content of a tree by the girt line, the diameter and 
length being given, and ſuppoſing it to be hewed ſo as that the two wanes 
ſhall be equal to one ſquare. | 35 9 
We obſerved before, that if by the wanes be underſtood, what the flat 
wants to compleat the fide of the ſquare, the proportion would be, as 180 
is to the ſquare of the diameter in inches; ſo is the length in feet, to the 
contents in feet. Inſtead of the two firſt terms upon the double line, take 
their ſquare roots upon the girt : The root of 180 will be found nearly 
13.43 but there is no occaſion to eſtimate the value, but only to find the 
point, which will be done by ſetting 10 on the girt againſt 10 on the 
double line, and the point will be upon the girt line againſt 180 upon 
the double Tine. = | | NES 
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Suppoſe a tree 20 feet long, and zo inches diameter: Required what 
the content will be when hewed, fo as that the flat ſhall be equal to half 
the thicknefs ? VVV „„ | 

Set the point upon the girt, found as now directed, againſt 20 on the 
double line; and againſt 30 on the girt, is 100 upon the double line; the 
required content in feet. + 55 . 
But if by the wanes be underſtood the round parts of the tree where 
there is no wood taken off; the proportion, as was before obſerved, will 
be, as 193 nearly, is to the ſquare of the diameter; ſo is the length to the 
content. In this caſe we muſt make uſe of the ſquare root of 193.3 for 
which purpoſe we may find a point upon, the girt, in the ſame manner 
as the point for the root of 180 was found. Now, if the point for 193 
be {et againſt 20; then againſt 30, upon the girt, will be 93 on the double 
line; which is 7 per Cent. leſs than the former: A cylinder of ſuch di- 
menſions would meaſure only 98:17 ; ſo that by hewing the tree till the 
es are half the thickneſs, it will meaſure near 2 per Cent. more than 
full contents of the tree, if there had been no wood taken offt. 
34. There are two points generally marked on this line; one WG, 
the other A G, for wine and ale gallons, their uſe is in gauging ; for a 
wine gallon containing 231 cubic inches, and a circle whoſe area is 23 1, 
having for its diameter 17.14 inches: It is plain a cylinder of that dia- 
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meter will contain as many wine gallons as it is inches in height; there- 

fore if the length and mean diameter of any caſk be given, the wine gal- 

lons that it will contain, may be found by the following proportion. 

As the „ er of 17. 14 is to the ſquare of the mean diameter; ſo is the 
t | | 3 


length, to the content in wine gallons. et tb © coo, 
Hence if the gauge point W G upon the girt line, (which is the ſquare 
root of the firſt term) be ſet againſt the length on the double line; then 
the contents in wine gallons will be found on the double line, againſt the 
diameter of a cylinder, or the mean diameter of any caſk upon the girt 
line; but if ale gallons be required, we muſt make uſe of the point A G. 
which ſhould be exactly at 18.94, the diameter in inches of a circle, 
whoſe area is 282, the cubic inches in an ale gallon. % e wel 
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Of the triple Line of e e 9 _ 


ITT was ſhewn in the conſtruction of this line how to find the cubes, 
and their roots by inſpection. We ſhall now ſhew how to find the di- 
menſion of fimilar ſolids of different contents, as for inſtance : Suppoſe a 
ſhip of 508 tons to be 93 feet 4 inches by the keel, and 32 feet broad, 
and it be required to find the length of the keel, and extreme breadth of 
a ſhip of 400 tons. > 
This was performed by the logarithms in Chap. 5, Ex. 4. where it was 
obſerved that the proportion. is, as the tonnage of one ſhip, or the content 
of any ſolid, is to the cube of the keel, or of any other part; fo is the 
| tonnage, or the content of any other fimilar ſolid, to the cube of the re- 
quired keel, or any other ſimilar part: Hence 508: 4oo : : cube of 93.4 
to the cube of the required keel; and the extent from 508 to 400 upon 


any line of numbers, will reach from the cube of 93.4 to the cube of | 


86, the length of the required keel. But there will be no need of finding 
the cube, (which is the fourth proportional to the three given numbers) if 
the root can be found: Now the cubes of any two numbers are three 
times the diſtance from one another that the roots are upon the ſame line; 
and becauſe the two tonnages are the firſt and ſecond terms, they will be 
the ſame diſtance from one another that the cubes of the keels are, which 
are the third and fourth terms, and therefore their roots will be one third 
of the diſtance from one another that the tonnages are; which in this 
cCaſe are 508 and 400. Let the 3 then betwixt theſe two —_— | 
04, INE + 2 _ 
| OO ME; = 3 \ 1 | | 
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Of the Line of Numbers. 
be divided into three equal parts, one of which being ſet back from 94.4, 
will reach to 86, the length of the keel required. 5 n 
Now, as the roots are the ſame diſtance from one another upon the ſin- 
gle line, that the cubes are upon the triple line; the keels will be the 
ſame diſtance from one another upon the ſingle line, that the tonnages are 
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upon the triple line. Therefore the following method may 
where there is a cube line adapted to the ſingle line.. 
Rule. Set-94 feet 4 inches, or 93.33, the length of the given keel, 
upon the ſingle line, againſt 508, the tonnage upon the triple line; then 
againſt 400 upon the triple line, is 86 upon the ſingle line, which is the 
length of the keel required. And when the flider is thus ſet, we have, 
by inſpection, the lengths of the keels of all ſhips that are ſimilar to this, 
be the tonnage what it will: For if the tons are found on the triple line, the 
lengths of their correſponding keel will be againſt them on the ſingle line, 
The like method may be uſed in finding the other dimenſions, as in the 
following table, where the dimenſions of a ſhip of 508 tons are ſuppoſed to 
be as in the columns in the upper line, and are pretty near to thoſe of a 
| ſhip of 20 guns; the other tonnages are nearly thoſe of 40, 50, &c. guns. 
We have in each column ſet down the real dimenſions in feet and inches, 
below thoſe found by the rule, which are in decimals, that our readers 
may ſee that ſome dimenſions are pretty near ſimilar in all ſhips, and o- 


be uſed 


thers arbitrary. 
„ F ee e e ee 
Guns, | Tons. | Keds. | pare bn Tee Rr, | pay. Bk. 
20] 508 real 93: 4. J 32: © | FL 8 | 18:4 [ 16:4 | 11: © | 113: © 
1 8143006 | 109, 0 | 37> © 16, 0 21,5 1993 |, 12,.9 | 132, 0 
.40| real | 108:10 | 37: 6 | 16: 6 | 22:8 | 22:0 | 16: © | 133, © 
Oz + 94 1 118» 5 40% | 17» 5 | 2335 2192 | 14,16 | 144, © 
50 527 real 117: 82 41: 018: 0 25:0 f 24:1] 17, 8144: 0 
b 12911 rule 123, 5 41349 | 18> 2 2494 | 2250 | 14,65 f x50: & 
60] - Creal | 124: Ox | 42: 8 | 19, 4 | 26:0] 25:2 | 18: 6] 150: © 
. - -- Jrale 131, 4 45, © | 19» 225,7 23,215, 4139 ©: 
| 5 [1444311 1 131:4 145 0] 20 4 27:6} 26:3 19: 4+ 160: 0 
1h 5 : 15887 6 136, | 46575 | 19585 | 26,9 24,215, 9 | 165 © 
- $8064 real 134101 | 45: © | 21: © | 30:5 4 29:0 f 20: 0165 0 
„„ rule 140, 3 | 48> 4 | 20» 627,6 | 2458 | 16, 6 4 170, o 
90 173 10 82. 8: 6 N 1 31:31 2 20: 6 7. 7» 8 
90 real | 138: 4 | 48: 6 ] 21: 9 31:5 | 27:9 | 20: 6 120 
2] ,cogd it] 14), 0 | 50» 5 | 21 65 29909 2651. 175 4 178. 
1200 real | 144: 62 51: 0 J 22:9 33:0 2970 21: 54 158: @. 
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It muſt be obſerved, that as every figure is three times placed upon the 
triple line, it will be indifferent in what part of the line the tonnages are 
taken. The only thing to be regarded is, that the ſlider muſt be ſo placed, 
that all the tonnages whoſe dimenſions are required, be againſt ſome part 
of the fingle line. 1 Fog | 9715 ps 2 SHVP 
Now, if the firſt 5 on the triple line be accounted 500; when 93.4 is 
ſet to 508 40 on the ſingle line, which is now 400, will be againſt 40000 
on the triple line; and 64, which is at the beginning of the triple line, 
will be againſt 46.6 on the ſingle. So that in this poſition, the numbers 
- upon the triple line betwixt 64 and 40, will not be againſt any part of the 
ſingle line; for there wiil be no humbers leſs than 64 upon the triple line, 
without altering the value of the figures; but 4 at the beginning of the 
ſingle line, will always be the ſame diſtance from 64, the beginning of the 
triple line, that 40 at the end of the ſingle line is from 64000 at the end 
of the triple line. As the ſlider is now ſet, 4 at the beginning of the fingle 
line is accounted 40 ;- and becauſe the diſtance betwixt 64000 and 40000; 
is the ſame with that betwixt 64 and 40; the value of the figures may 
be altered, and 64000 at the end of the triple line may be called 64, and 
40000 will be 40. But we muſt likewiſe alter the value of the figures on 
the ſingle line; and 4 at the beginning of the line. muſt be four units, and 
40 on the triple, will be againſt 46 on the ſingle line; 20 on the triple 
againſt 31.7 upon the fingle, &c. . To find the figures betwixt 64 and 
40, let the ſecond 5 upon the triple line be 500, and the flider ſet as 
before directed; then will 40 on the triple line be againſt; 4, which is at 
the beginning of the ſingle line, but is now accounted 40; againſt. 50 
on the triple, is 43 on the ſingle ; againſt 60 on the triple, is 4.5.75 on 
the ſingle, &c. a 3 . 
In the fame manner the extreme breadths to any aſſigned tonnage may 
be found; ſuppoſing 32 feet to be the extreme breadth of a ſhip of 508 
tons: Let the third 5 on the triple line be 500, and when 32 on the ſin- 
_ gle is againſt 508 upon the triple, then we have all the numbers below 
640 upon the triple line; and 1 upon the triple will be againſt 4 on the 
ſingle. But if the ſccond 5 be 500, and the ſlider properly ſet, 990 on 
the triple line, will be againſt 40 on the ſingle; and as in this poſition 
we cannot find the dimenſions correſponding to 1000, and the numbers 
above it; We muſt in theſe, and ſuch like cafes, obſerve what point of 
the triple line is againſt 40 at the end of the ſingle line; and draw out the 
flider till 4 at the beginning of the fingle be againſt the ſame point, which 
in this example is 990: And as the value of the figures upon the triple line 
are not altered, 4 upon the ſingle line muſt be accounted 40; and then 
1 . 5 aggainſt 
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againſt 1000 is 40.1, againſt 2000 is 50.5, &c. the breadths correſpond- 
ing to thoſe tonnages. Again, let 5 be ſome given dimenſion of a ſhip of 


508 tons; if the {lider is properly ſet, 260 on the triple, is againſt 4, the 


beginning of the ſingle line; and when 40 at the end of the ſingle line 


is accounted 4, and brought againſt 260 on the triple; then againſt 100 
on the triple, is 2.91 on the ſingle; againſt 10 on the triple, is 1.35 ; a- 
gainſt 1 on the triple, is . 62 f on the ſingle. All the other dimenſions in 


the columns are found by the ſame method, viz. by ſetting the given 


dimenſion to its proper tonnage ; and to prove the work, after the length 


of the keels are found, we may uſe the double lines of numbers as before 


directed in Ex. 6. Se&. 2. of this Chap. Here the keel of a ſhip of 400 tons 
is found to be 86; when this is ſet againſt 93.4, the keel of 508 tons, againſt 
32, the breadth of 508, is 29.6 the breadth of a ſhip of 400 tons: And as 
all the dimenſions in the columns for a ſhip of 508 are-known, look for 
them on the ſame line that her keel is taken, and againſt them will be found 
the correſponding dimenſions for a thip of 400 tons. | 

The Tonnage of 4 Ship being given, to find the Length of the Keel, and 


I 


extreme Breadth. 


Pefore this can be done, the proportion that the length of the keet 
bears to the extreme breadth muſt be determined ; which ſuppoſe as 3 


to 1, and then fix times the half breadth will be the required length'of | 
the keel. Now, becauſe in finding the tonnage, when the length and 
| breadth are given, we are directed to multiply the length by the breadth, 


and that product by the half breadth, and then divide this laſt product by 
94, and the quotient will be the tonnage ; it is certain, if the tonnage 
be multiplied by 94, the product will be the ſame as if the length, bro. 
and half breadth, were multiplied into one another; and if any of theſe 


three be given, the others are found by the given TN they bear to 


one another. We ſhall therefore work for the half 


breadth, which may 


de found by the following rule, 0:2. N | LE 
Firſt multiply the given tonnage by 94 ; then divide that product by 
\| 


12, and laſtly extract the — th root of the quotient ; and that root w 


| BE A MP LE. ee, 
Les the given tonnage be 127 $4; then 127.52 > 94 = 12000, and 


12000 12 = 1000, the cube root of which is 10, the half breadth ; 
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The reaſon of dividing the product by 12, is becauſe 12 times the cube 
of the half breadth, is always equal to the product of the length of the 
keel, breadth, and half breadth multiplied into one another, when the length 
is three times the breadth, as will appear by the following proceſs. 
The half breadth 10. | 
The breadth will be 10 x 2 = 20. 
The length of the keel will be 10 x 2 x 3 = 60. - | 
Now as in.multiplication, when ſeveral numbers are to be multiplied 
into one another, it is indifferent in what order the operations are per- 
formed; ſo it is evident that io X 10 * 10X 2X2 X34 lo x 20 X bo = 
12000, but 10 x 10 Xx 10, is the cube of the half breadth, and 2 x 2 x 3 
is 12; therefore 12 times the cube of the half breadth will be equal to 
the om of the length, breadth, and half breadth, multiplied into one 
anotner, - „ 1 It: 5 
By the ſliding rule, ſet 12 upon the double line on the flider, againſt 94 
upon the double line on the _ look for the tonnage 127 5+, or 127.66 
upon the flider, againſt which is 1000. Then to find the cube root of this, 
ſet the flider fo that 64 upon the triple, is againſt 4 on the fingle ; then a- 
gainſt 1ooo on the triple, is 10 on the fingle ; the half breadth. 
But as the length does not bear any conſtant proportion to the breadth ; 
after finding the dimenſions by this rule, the breadth may be altered, and 
the length of the keel can be had by the tonnage point. There is no in- 
variable rule to determine the breadth, but in ſhips under 500 tons, this 
method will always bring itto leſs than a foot, and therefore may be ve- 
ry uſeful 'in determining proper dimenſions for a ſhip of any number of 
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Of: SECTOR. LINES. 


'H E ent called a ſeQor, is 3 a =& wich a good j joint, 
containing ſeveral different lines, each divided into ſome given pro- 


| portion; as fines,” chords, equal parts, Sc. Every line upon one leg bas 


a cotreſponding ope upon the other h both.cxacily of the ſame length, 
and divided ; in erase, a | all the lines on both legs meet at : 
the center of the joint. 

It is very in all the pradtical parts of the mathematicks, eſp peci⸗ 
ally in dividing a line into any number of equal parts, or into any given 
proportion. As for inſtance, if it was required to divide a line as A B. 
Into any number of equal parts, ſappoſe , (See Plate 3, 45 1, F.) it is 

e of equal 
to the line to be divided; and then the 9 paul. to 


"By 3 2 52 2, &c. in the ſame lines will be one ninth, = 9s Sc. 


parts of the line A B; for by opening the rule, the point every 
other point in the lines E, P, in effect, deſcribe arches of — 4 and if 
chords be drawn to theſe arches,” they "will form ſo many folceles 9 — 1 


gles, whoſe baſes will be parallels to one another: Therefore C 


23 is to 1, en is the ninth partof the line C 9; eerefors 
„As the ninth part of the line | | 
a like manner, if it were required to make the line D Fa line I num- 
bers, When the rule is opened till the diſtance hetwixt the extremities of 
the lines of numbers de equal to the line DF; then if the ſeveral di- 
Rances from 1 to 1, from 2 to 2, &c. 80 off from D towards F, the 


line D F will be a line of numbers. 


Anotdjer wprhod 86 dividing « ine, as BD (See Plare 3. Fig. 4.) in 
the. ſame proportion as the line A B is this. At the point B, the end of 
the divided line, make an angle, and ſet off the line to be divided from B 
te D: e 3 * 
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Of the Conſiruction and Uſe of ſeveral Lines on the Ship- 
3 Wrights Rule, | DE, 


Of SECTOR LINES. 


HE inſtrument called a ſector, is only a rule with a good joint, 
containing ſeveral different lines, each divided into ſome given pro- 
portion; as fines, chords, equal parts, Fc. Every line upon one leg has 
a correſponding one upon. the other 1 both. exactly of the ſame length, 
and divided in the ſame manner; and all the lines on both legs meet at 
chen Hu ooo: - : 
It is very uſeful in all the practical parts of the mathematicks, eſpeci- 
ally in dividing a line into any number of equal parts, or into any given 
proportion. As for inſtance, if it was required to divide a line as AB, 
into any number of equal parts, ſuppoſe 9, (See Plate 3, Fig. 1, 5.) it is 
only opening the rule till the diſtance betwixt 9 and 9, in the line of equal 
parts, be equal to the line to be divided; and then the extent from 1 to 
1, from 2 to 2, &c. in the ſame lines will be one ninth, two ninths, &c. 
parts of the line A B; for by opening the rule, the point 9, and every 
other point in the lines E, P, in effect, deſcribe arches of circles; and if 
chords be drawn to theſe arches, they will form fo many iſoſceles trian- 
gles, whoſe baſes will be parallels to one another : Therefore C g is to 
99, as C1 is to 1, 1, but C 1 is the ninth part of the line C 9; therefore 
1, 1, is the ninth part of the line 99. | | | 
In like manner, if it were required to make the line D Fa line of num- 
bers, when the rule is opened till the diſtance hetwixt the extremities of 
the lines of numbers be equal to the line DF; then if the ſeveral di- 
ſtances from 1 to 1, from 2 to 2, &c, be ſet off from D towards F, the 
line D F will be a line of numbers. 42 
Another method of dividing a line, as B D (See Plate 3. Fig. 4.) in 
the ſame proportion as the line A B is this. At the point B, the end of 
the divided line, make an angle, and ſet off the line to be divided from B 
to D; then draw the line D C parallel to A B, making D 3 equal A 3. 
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Siet . : / Sector Lines.  » ro 
D 2 equal to A2; D 1 equal to Al: Draw the lines A D, 33, 22, 11: 
Then the triangles B I 2, B 2 6, B 3 c, BAD, being ſimilar, BA: BD:: 
BZ: Be :: B22 ö TT | 

But before any of theſe methods can be uſed, the lines on the rule 
muſt be divided by ſome proportion given in numbers, or from the equal 
_ diviſions of the arch of a circle. 

The ſector lines on the ſhipwrights rules, are for making maſts and 
yards, of which there are four on each leg, divided into the ſame pro- 
portion, that the diameters at the ſeveral quarters bear to that at the 
lings; which, being given in numbers, and exprefled by the fraction, 
each quarter is of the ſlings, they may be conſtructed in the following 
manner : | 

Make an equilateral triangle A B C. (Plate 3. Fig. 6.) From the point 
A ſet off, on the lines AB, and A C, the equal parts expreſſed by the ſe- 
veral denominators of the fractions, and draw lines acroſs at theſe diviſi- 
ons. Then ſet off, on theſe lines, the equal parts expreſſed by the reſpec- 
tive numerators of the fractions, and draw lines from A thro' theſe points 
to interſe& the line BC. So if the fide of the triangle be ſuppoſed to be 
the diameter at the ſlings, the ſeveral diviſions of the line B C, from the 
point B, will be the diameters at the quarters. It will be proper to raiſe 
the fractions, ſo their denominators do not exceed 100. 


E XA MELEE 


Let it be required to conſtruct the line for yards, the quarters being 

the following fractions of the ſlings, ; 5 
It. 21, or 22. 24.25, Or N. 3d. Nes Or . Tard arm 3, or 45 

Having conſtructed the triangle A B C, ſet off 84 equal parts, the de- 
nominator of the firſt quarter, from A to a; and from A to & draw the 
line a b, which will be parallel to BC. Upon the line @ 6 fet off 81 e- 
qual parts, the numerator of the firſt quarter, from à to c; and draw the 
line Ac to interſect the line B C in the firſt quarter. Again, for the ſecond 
quarter, its denominator is 100; therefore ſet off 100 equal parts from A 
to B, and from A to C, which in this cafe Þ already done, becauſe the 
fide of the equilateral triangle was made 100 equal parts: It remains on- 
ly to ſet go equal parts from B to the ſecond quarter, and draw a line 
from A to this point. The denominators of the third quarter and yard 
arm, are likewiſe 100 ; the numerator for the third quarter is 70, which 
ſet off from B to the third ym and draw a line from A to this "—_ = 


m_ OOO 0. I ES 
W —— 0" "If 
* 7 


yards conſtructed, by an equilateral triangle, and from thence transferred 
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The numerator for the yard arm is 40, which ſet off from B to y A, and 
draw a line from A to this point; by this means, if B C be ſuppoſed the 


diameter of a yard at the flings, By A, will be that at the yard arm; B 


3 qr. that at the third quarter; B 2 qr. that at the ſecond; and B I qr. 
that at the firſt quarter; they being by conſtruction 3, Le, e, 2, of the 
line B C. 8 

The line being thus divided, may be transferred to each leg of the 
rule: But if the rule will not contain the length of the line, take ſuch a 
length as may ſuit the rule, and, with a pair of compaſſes, ſet off that 
length from A to G, and from A to F; and draw the line G F, which 
being parallel to B C, will be divided in the ſame proportion, and may be 
transferred to the rule. In the plate (Fig. 7.) the lines are only drawn 
to y A, but if continued, would meet in the center of the joint. 

The line being thus conſtructed, and transferred to the rule, we ſhall 
ſhew the uſe of it in making a yard; (Plate 3. Fig. 8.) which ſuppoſe 70 


feet long, of which A B is one half, and SS, the diameter at the ſlings 17 


inches: Having divided the line A B into four equal parts at the points 
I qr. 2 qr. 3 gr. open the rule till the diſtance betwixt Sand & at the extre- 
mities of the lines on the rule, be equal to 17 inches, the diameter of the 
yard at the ſlings; then the extent from the dots on the one leg, to thoſe 
correſponding on the other leg, will give the diameters at thoſe quarters, 


and at the yard arm, from which they may be ſet off upon the yard. But 


it muſt be obſerved, that only the half of each of thoſe diameters thus 
found, muſt be taken, and that ſet off on each fide of the middle line 
upon the yard; for which reaſon, in practice, it will do better to take 
half the diameter at the flings, and ſet the rule by that; and then we have 
half the diameters at the quarters by the rule. 1 e 
The lines A B, and AC, (Fig. 6.) and the lines drawn from the point A 
for the quarters, may be produced to any length, drawn upon a board. 
If then the lines A B, and A C, be divided into inches, halfs, and quar- 
ters, there will be no occaſion to transfer them to the rule: For ſuppoſe 
the diameter at the ſlings 21 inches, the half is 10 2; lay a ruler, or 
ftrait edged batten acroſs the board, from 10 4 in the line A B, to 102 in 
the line AC, and make a mark upon the batten at each interſection with 
the lines drawn frem A for the quarters. By this means we have, upon 
the batten, half the diameter at each quarter and yard arm; and theſe 
being ſet off on each ſide of the middle line upon the yard, in their pro- 
per places, will give the whole diameter at thoſe places. | | 
After the ſame manner are the lines for maſts, bowſprits, and mizen 


to 
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to the rules; the proportions, or fractional parts, by which the lines are 
conſtructed, are as follows: 5 


| I 
Quarter 8 | . 155 | 3 ponds. | wank, | Heel- Cape. | Yard Arm. 
dee 42 1 TY * . —_— — 
Bow 5 8 1 — 8 X — 
1 . KP 

i r DN 3 T 3 

Mizen Yard arm | 
"46 * 3 


Another method of proportioning the quarters to the ſlings, is taken 
from the diviſions of the quarter of a circle, but the diameter at the yard 
arm muſt be firſt determined; which ſuppoſe + of the ſlings, as before, 
and let G F (Plate 3. Fig. 3,) repreſent the diameter at the ſlings. Now 
to find the diameter at the quarters, take the following rule. 

_ 1/, With the radius G F, deſcribe the quadrant G F E. 

2d. Upon the line G E, ſet off ; of the diameter at the ſlings, from 
G to e, and thro' e draw a line parallel to G F, to interſect the arch in 
a; from a draw a line parallel to G E, to interſect the line G F in y; 
then will y a be the diameter at the yard arm. 

za. Divide the line Gy into four equal parts, in the points 1, 2, 3, 
and draw the lines 1 qr. 2 qr. 3 qr. parallel to G E, which will be the di- 
ameters at thoſe quarters. . | | 

There is alſo another line on each leg; theſe meet at the center of the 
joint, from whence they are numbered 1, 2, &c. to 12; the ſpace betwixt 
the figures is nearly + of an inch, each divided into x2 equal parts: So the 
ſpaces betwixt the figures may repreſent feet, and the intermediate diviſions 
inches. But if it was required to make a ſcale of feet and inches, where one 
quarter of an inch, one eighth of an inch, or any other ſpace ſhall re- 
preſent one foot; it may be done by the ſame lines, as before directed, 
Thus, take with the compaſſes 1 2 times the ſpace intended to repreſent one 
foot, and open the rule till that reaches from 12 upon one leg to 12 upon 
the other leg. Now, whereas the feet and inches of the ſcale on the rule, 
are taken from the center of the joint ; thoſe of the other ſcale, muſt be 


taken acroſs at thoſe points, 
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er. © 
Of the Conſtruction of the Ten, Twelve, and Eight ſquare 


HE uſe of theſe lines, is in order to hew a piece of timber ſo that 
it ſhall be a priſm contained under 10, 12, or 8 equal planes, 
which are called ſquares ; their baſes will be polygons of the ſame num- 
ber of equal ſides. 7 DE, 
The firſt thing to be done, is to hew the piece four ſquare ; the four 
ſides for a ten ſquare will not be equal, for its baſe will be a rectangle; 
whereas the baſes for a twelve and eight ſquare will be ſquares ; ſo they 
muſt firft be hewed into parallelopipedons. . 
There are three lines neceſſary for making a ten ſquare, viz. the 
for determining the longeſt fide of the rectangle; the ſecond for deter- 
mining the {ide of the polygon ; and the third for determining how much 
wood muſt be taken off the corners to reduce the rectangle to a polygon, = 
Their chief uſe is for making barrels of capftans. | 


To conſtruct the Ten ſquare Linn. 


Upon the line AB (Plate 3. Fig. .) erect a perpendicular CF, which 
make any number of inches, ſuppoſe one and a half. Thro' F draw the 
tine DG parallel to AB: From C draw the lines CM and Cn, making 
each an angle of 18 degrees with the line C F, ſo ſhall nm be the fide of 
a polygon of ten equal ſides; for the angle at the center is 36 degrees, 
the tenth part of 360. With the radius C (equal to C,) deſcribe the 
ſemi-circle A mn B, and ere the perpendiculars AD, BG; ſo ſhall the 
rectangle ADG B, be halt the baſe of the piece when hewed into four 
ſquares. Now it is plain, that the piece will be thicker one way than the 
other; for CF is one half of one of the diameters, and CB half the other; 
and F m half the ſide of one of the ten ſquares: To reduce this rectangle to 
a polygon, make ms, s A, u f, t B, equal to m 7, and produce the lines mrs 
and 4, to & and o, and cut off the triangles Dm and Guo; cut off alſo 
the triangle h A and f B, ſo ſhall As m7 7B, be half the barrel of a 
capſtan of three inches diameter. If Fm be divided into three equal 
parts, we ſhall have the diviſions of the line marked B S, (Fig. 2.) which 
may be continued to any length. The uſe of this, is to find the fide * 
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the ten ſquare, which is done by ſetting off as many diviſions of this line 
as the barrel is inches thick on each fide of the middle line on the two 
big ſides, | | 
If the line Ah (Plate 3. Fig. 9,) be divided into three equal parts, we 
ſhall have the diviſions of the line marked 8 8, (Fig. 2.) which ſerves to 
ſhew how much muſt be ſet off from the middle line on the two ſmall 
ſides, viz. on? of theſe diviſions for every inch of the thickneſs of the bar- 
rel, which in this caſe will be to b and o; and when the wood is taken off 
from m'to h, and from 7 too, we may make ms and 78, each equal to 
mn, alſo equal to S A and B. | 2 
If the line A B be divided into three equal parts, it will give the divi- 
ſions of the line LD Fig. 2.) which ſerves to ſhew how much the barrel 
mult be the biggeſt way. | | 
In making the barrel, the firſt thing to be done, is to hew it to the de- 
ſigned thickneſs in inches; which is what is called ſideing of it, and after- 
wards to ſquare it; that is, to hew it the other way. In order to do this, 
we muſt take as many diviſions of the line L D, as the barrel is to be inches 
thick; ſo when it is thus hewn, it will have two big, and two ſmall ſides : 
There muſt be a middle line ftruck on each fide, and then proceed as di- 
reed, by ſetting off the proper diſtances from the middle lines; and when 
all the wood is taken off, there will remain nothing of the ſmall ſides but 
the middle line; but of the two big fides, there will remain the fide of. 
the ten ſquare. | | | | 
In conſtructing theſe lines, it will be proper to produce the lines CF and 
| Cm, till CF is fix inches or more; then will Fm be half the fide of the 
ten ſquare of a barrel of 12 inches thick, which may be divided into x2 
equal parts; the ſame muſt be done with the lines 8 S and LD. 


To confiruft the Lines for a 12 Square. 


"Theſe are likewiſe chiefly for making barrels of capſtans, (Plate 3. 
Fig. 10.) but here the piece muſt be hewed exactly 4 ſquare; for when 
all the wood is taken off, the whole fide of the 12 ſquare will remain on 
.all the four fides. | £ . 

There are only two lines neceſſary for reducing the 4 ſquare to a 12, 
and formed after the ſame manner as thoſe for a 10 ſquare; for ſince the 
angle at the center of a polygon of 12 equal ſides is 30 degrees, if at C 

two angles of 15 degrees each be made, and the lines Cr and Cs be 
drawn, it is plain 7 s will be the fide of the 12 ſquare, of which Fr is 
One half; which being divided into 3 equal parts, will give the divifions of 
the line 4 S: (Fg. 2.) There muſt be as many of theſe diviſions ſet off from 
| the 


| 


the 10 ſquare, 
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the middle line on all the 4 ſides, as the barrel is inches thick, and there- 
fore muſt be ſet off from A to &, and from B to o, as well as from F to r 
and 5; but the whole wood from r to ô muſt not be taken off. It muſt firſt 
be taken from 7 to c, the point where the ſide 4d produced interſects the 
line AD, which is half the fide of the ſquare. Ac divided into three 
equal parts, will give the diviſions of the line 2 S, (Fig. 2.) which are to be 
ſet off from the middle line, on two of the oppoſite fides, as from A to c, 
and from B to 2; and when the wood is taken off from theſe points to r 
and s, the points d and? may be found, by making r d and t equal tors; 
and when the wood is taken off from d to h, and from ? to o, we have 
A, 6, d. r, 5, f, o, B, the half of a 12 ſquare of 3 inches thick; but the 
lines CF and Cr, may be produced as directed in forn. ing the lines for 


To conſiruct the Fight ſquare Lines. 


Theſe are on moſt of the ſhipwright's rules, . Their uſe is in making 
maſts and yards, and ſo well known, that we need give no directions 
how to apply them ; and ſhall only remark, that tho' maſts and yards are 
round, they muſt be firſt hewed four ſquare, each fide being equal to 


| the diameter of the maſt or yard; which, ſuppoſe AB, (Plate 3. Fig. 11.) 


then will the rectangle AG D B, be half a four ſquare, in which a ſemi- 
circle may be inſcribed of the ſame diameter with the maſt or yard. If 
from the center C be drawn the lines C and C, making each an angle 
of 22 + degrees with the line CF, we ſhall have n the ſide of a poly- 
gon of eight equal ſides, of which F is one half; and if this is divided 
into as many equal parts as the diameter has inches, it will give the divi- 
fions of the 8 ſquare line; one of which for every inch diameter muſt be 
ſet off from the middle line on all 4 ſides: And becauſe the diameter is 
ſuppoſed 3, when that number is ſet off from the points A, B and F, we 
ſhall have the points 7, m, u, 4 : But theſe points may be found by ſetting 


off their diſtance from D and G, the fide of the ſquare ; for which pur- 
' poſe the line 2 G or m D, muſt be divided into 3 equal parts; fo either 
of the lines may be uſed. — | 


Theſe lines are on foot rules; but there are two lines on the ſlider of the 


two foot rules; the one for finding the diameter at the quarters, the other 


for finding the length and diameter at the flings of maſts and yards, We 
have already ſhewn how to find the quarters by the ſliding rule, which 
requires an operation for every quarter; but this line ſhews them all at 
once, only by ſetting a point in the flider to the given diameter - the 
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flings. It is the upper line upon the ſlider, and has a ſpace for maſts, one 
for yards, one for bowſprits, and one for each arm of a mizen yard, 


To find the Quarters by this Line. 


For maſts, ſet Pon the ſlider againſt the diameter at the partners, and 
againſt the figures 1, 2, 3, you will find the diameters of the 1ſt, 2d, and 
2d quarters; againſt -H S will be the diameter at the hounds, and againſt 
mn h the diameter of the lower maſt head, but if it is a top maſt, the di- 
ameter will be againſt Tn. 

After the ſame manner the quarters of the yards may be found, by 
ſetting S againſt the diameter at the ſlings; and againſt the figures 1, 2, 3, 
will be found the diameters of 1ſt, 2d, and 3d, quarters; and againſt YA, 
the diameter at the yard arm. The fame may be ſaid of the bowſprit 
and mizen yard : One example will be ſufficient to illuſtrate the whole. 


| Required the bigneſs at the Quarters, and Yard arm, of a Main Yard 30 
Incbes at the Slings. 


Set S againſt 30, then againſt 1 will be 29, | neareſt, for the firſt quar- 
ter; againſt 2 will be 27, for the ſecond ; againſt 3 will be 21 for the third; 
and againſt Y A will be 12 for the yard arm. Te er dy 35 ne 
| Nate. The ſlider muſt be applied to a double line of numbers. 
Before this line can be conſtructed, the proportion that the quarters 
bear to the ſlings muſt be determined, which ſuppoſe to be as before. 


2 In decimals, | 
Firſt quarter : IT +964 =: 
Second quarter I'S 9 

7 


Third quarter i EE Oy, 
Yard arm | + 4 
At any convenient place upon the ſlider aſſign a point for 8, and draw 
a ſcore at that point for the ſlings; ſet that point or ſcore againſt 28, and 
againſt 27 draw a ſcore upon the ſlider for 1; then move the flider till S 
is againſt 10, and againſt 9 draw a ſcore upon the flider for 2; againſt 7 
draw a ſcore for 3; then move S to 5, and againſt 2 draw a ſcore for the 
yard arm. | „ẽlfnn . 
8 The reaſon of this will appear very plain, if we find the quarters by 
a pair of compaſſes; for then we take the diſtance betwixt 28 and 27, 
(which will always be equal to the diſtance betwixt the diameter at the 


Uings and that at the firſt quarter) but this is equal to the diſtance be- 
| twixt 
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twixt S and 1 upon the flider; therefore if S be ſet againſt the diameter 
at the ſlings, 1 will be againſt that on the firſt quarter; the like may be 
ſaid of the reſt. T7 | | 
If the fractions are all reduced to decimals, the ſtrokes for the quarters, 
Sc. may be marked, without moving the ſlider after S is ſet to 1, as will 
be found upon examination; and the conſtruction of the line will appear 
plainer by the decimals; for the points 1, 2, 3 and Y, are exactly the 
ſame diſtance from 8, that the numbers .964, .9, .7, .4 are from 1 on the 
line of numbers. There is no difference therefore between the line on 
the ſlider, and the line of numbers, only when the proportion of the quar- 
ters, Sc. is determined by numbers; as the diſtances properly ſet off from 


1, to decimal parts, will reach from S to the points 1, 2, 3 and YA ; theſe 


\ 


points are uſed inſtead of the numbers, .964, .9, .7, 4. 
The lower line on the ſlider, is for finding the lengths of maſts and 


yards, but before this can be done, there muſt be a given proportion; the 


following is generally allowed for maſts, vis, As 100 is to 76, ſo is the 
extreme breadth in feet, to the length of the main maſt in yards, 

The lengths of the other maſts are proportioned to the main maſt, and 
the points or ſtrokes upon the flider, are laid down from Br b, by thoſe 
eſtabliſhed proportions, in the ſame manner as the diameters at the quar- 
ters of the yards are proportioned to that of the flings. | 

The main maſt is allowed to be in proportion to the fore maſt, as 100 


to 89; in like manner there muſt be proportions for the mizen maſt, 


bowſprit, main, fore and mizen top maſts, topgallant maſt and ſprit ſail 
top maſt ; by theſe proportions, the points, or ſtrokes, are ſet off for the 


different maſts at proper diſtances from By 5. 2 


To find the Lengths of the Mafts by the Line, 


Set Br h againſt the extreme breadth in feet; then the lengths of all 
the maſts will be againſt their reſpective divifions, which are all diſtin- 
guiſhed by letters peculiar to each ; and, at the ſame time, the lengths of 
their heads and hounds may be found, there being peculiar letters for tha 
purpoſe, and thoſe for diſtinction's ſake are acroſs the ſlider. | 


VV | | 
Thus 8 3 bor main malt head, 


S } For main maſt hounds. 
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Required the lengths of the maſts of a ſhip whoſe extreme breadth is 
50 feet. 

SetBrh againſt 50; ; then the lengths of all the maſts, maſt heads 
and hounds, will be found againſt their . diviſions, diſtinguiſhed | 
by letters as (lows, VIS, | 


Lengths, Hed: Hounds, 
35; Feet. Feet. 
NM Main uy 29 $07 %% T0 :-.6 
„ FE +33 l r [14.5 3 [1955954 7 
_ £57 7 + Matnalalt e eh a £03 
n 6 +0 | — 
Me Main top maſt 22 „ % 7. 
F. Fore top maſt | i eg , 4 
Zt Mizen top maſt | 6 4 2818: 0 
Mg Main top gallant maſt 11 0 23 26 
F g Fore top gallant maſt 9-0 2 e426 
S Spritſail top maſt | 8 6 | — 


The lengths of the yards are proportioned to the length of the gun 
deck, and eſtimated in the ſame meaſure that the gun deck is, and kre 
found in the ſame manner as the maſts are. 

Set GD againſt the length of the gun deck, and the lengths of all the 
yards will be found againſt their proper letters, as in the following ex- 
amples, viz. 

Admit the gun deck to be 174 feet; required. the lengths of all the 

ards. 
Set GD againſt 1743 then the ſeveral lengths will be found as al. 
lows, vizx. | 


| ff. 
M The. main yard S 103 

F The fore yard | 90 2 

Z The mizen yard 3 

Mt The main top fail yard 71 

Ft The fore top fail yard 62 2 
Mg The main top gallant yard 49 
Z The mizen top fail yard 47 

Fg The fore top gallant yard 4s 


To find the diameter of any maſt or yard, firſt find the length i in feet. 


Set F L againſt that length, and you wal find the diameter in inches 4 i 
311 Vin 


x16 Of the Line for Mafts and Ta ur: 


quired as in the following, viz, * 
Feet. 


ee 102 ditto 
be e f, BY 
„ Manier me 69 Tm 
Fore top maſt 622˙ ditto 
Mizen top maſt 48 ditto 
Main top gallant maſt 33 — 

Fore top gallant maſt 30 — 


maſts, 1 gallant maſts. 
put uon the Bo of *. n on the foot rules. 


= 
* 
1 

11 

'*J 
+ .*S 
. 5 


+. © == 
> 
BY 

» 499 1 


Main maſt 4” Lin: 


8 4 
The ketters L m ſignify all lower maſts. B the bowſprit. T n — 


+ ; 
» c : 1 
0 4 f F * i 
1&3 » Ll 1 
} 
: 
_— , 
i 
* 
by. + — 
Ly : 
32 4 — 
Tg 
4 £4 
; : 
— Fi U Ss 
+» 
Py 
- *% 5 
- LOTT 0 
no 
The End of the Firfl Pare) 
* * 33 
5 4 þ : 
Mo * 
PF 
1 
p } 1 
8 1 > 
; * 
- * * » . . l - 3. # n # . + — ; F 
43 ; 45 ; s z 2 2 > + A 4? 44 4 # 7 38 } U 4 
ry 2 —_ - * ** 4 © 1 
* = * 7 4 17 - { * * =O >| 
3 X S ' £5 5 | Is, 37 £34 I 1 i wh 
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againſt the letters, repreſenting the maſt or yard, whoſe na is re- 


The line for finding the lengths and diameters of maſts and yards, is 


Plate Ill / facing page us. 
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THE THEORY OP 


SHIPBUILDING and NAVIGATION. 


CHA P. I, 


Of 6 Oreographick projection of Slide ona Dan. 
H E chief Py hank of delinenting, A SS ſhip, or any other 
# I ſolid upon a plane, is to ſettle the juſt dimenſions, and ſyme- 
| try of its parts, according to the ſcheme: of: the builder. 
hen this is done by mathematical rules, we can find the 
exact length, breadth, and heighth, not only of the whole, but alſo of 
any particular apartment on a ſheet of paper. However, as a plane 
| has but two dimenſions, viz. length and breadth, and a ſolid three x 
ey cannot all be repreſented. by only one Projeiiien on the ſame 
plane” * 
A plane is an even ſurface, to which a line be e way 
N 1. and upon which there are — 3 — ee 
We ſhall only ny of the orthographic projection, as del ſuited to our 
le, 
ew any ſolid can be repreſented by this way of pro jdn upon a 
plane, it muſt be ſuppoſed to be cut by ſeveral Be Theſe are called 
plain ſections, and will form even ſurfaces, which having but two dimen- 
ſions, may be delineated upon a plane: And when the ſolid is cut ſo as 


to form an uneven ſurface, it is always ſuppoſed to be covered with an 


even one before it can be repreſented upon a plane; ſo that infec, we 
only repreſent one plane upon another. 
The thing to be repreſented is called the original, nd the plane mock 
Trhich it is to be n. the plane of the projection. 
* When 


— 


£5 
' 


a BD , 
* 


chem uniform and convenient for t 
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When ſeveral lines parallel to one another, are drawn from all the 
parts of an original, to Kut the plain of the projection; they will upon it 
deſcribe a figure, which is called the projection of that original. The 
lines producing this figure, are called the projecting lines or rays; and 


this manner of N any object, is called Yue hographic 

x jon. bf that ob Y 4 A ? s l ff? TA f He 
This paralleliſm of rays is the eſſential property which diſtinguiſhes the 

orthographick from all other kinds of projection: And tho' it is in- 

different in what direction the projecting lines are drawn; it will be more 

convenient to make them perpendicular to the plane of the projection, 


and when this is parallel to the horizon, the length and breadth of any 


ſolid can be found by a plummet carried round it with a thread, ſo as to 
touch all the parts of it; but the heighth cannot be repreſented by this 


operation. This is what is called a plan of building. 


- If another plane be erected perpendicular to the horizon, and the ſo- 
lid in the ſame. poſition,” ſuppoſed to be cut length 1 by ſeveral planes 
parallel to one another, and perpendicular to the horizon; we can upon | 
it, repreſent the true lengths and heighths of all theſe ſections ; but, inſtead 


lane of ele vation, or fide view of a building. N 
0 J u. 1 4 3 _ D%..4% my 3+ — oh = vi-4d * 
ef another plane be erected perpendicular to the two former, we 


ean 
vpon it, repreſent the height and breadth of any fection 'Eutting the 


of àᷣ plummet, we muſt make uſe of a ſquare. This is what is called the 


lolid right acroſs, perpendicular to the Horizontal and ſide planes. This, 


in a bullding, is called the profile, being an end view ; in a ſhip, the head 
or ſtern view. By theſe three plafies all the parts of a ſolid may be re- 
preſented; and if two of the planes be known, the third may be found 
without having recourſe to the ſolid. 5 . 3 1 
By this -defcription;"ijt inay ſeem that a houſe or ſhip, cannot be thus 
delineated till actually built. But it muſt be obſerved, that the extreme 
length, breadth and heighth, muſt be determined; by which the three 
planes aforeſaid may be delineated. Theſe may be called the out lines. 
The feveral- parts contained within them may be delineated fo as to 
anſtrer thesintehded uſe; by which means we ſhall have a diſtinct view 
of the ivhole idefign; and may diſcover any inconveniencies that may at- 


tend ſuch a diſpoſition vf the parts, which may be eafily remedied upbn 


paper ys and the true dimenſions of every particular may then be had 


upon the draught: Whereas; if we go to erect the ſtruture without a 


draught, we run the hazard of pulling down ſeveral parts in order'to make 
„%%; 0 ũ ·VV ⅛ĩ ͤ8m¾ / ̃ obbe nt 


545301. x > apo 4 - 1590 ig at 3 1 urhe 
1 N , ? 7 = £ . | 
= 03% 15 AF SED : it) 
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The delineating a ſhip upon a * is called drawing, and the repre- 


ſentation 1 is called a draught. 


Properties of the Ortbographick Projection. 


„ All right lines upon an original plane, that are perpendicular to 2 


plane of the projection, will be repreſented by points. 


2. All lines on an original plane, that is inclined to the plane of the 


projection, will be repreſented by ſhorter, ones, but if they be parallel 


on the orginal, they will be ſo when projected; and when the original 
is parallel to the plane of the projection, N will be exactly of bag lame 


length in both. 


3. All planes, whether limited. by right or curve Low. — * perpen- 


dicular to the plane of the projection, will be repreſented by right lines. 


4. All planes parallel to the plane of the projection, will be repreſen- 
ted by equal and ſimilar planes; but if they be inclined, their — 


tations will be leſs than their originals. | 

The mutual interſection of two planes, is a x right line common to 
both planes, and is called their common ſection ; and if ſeveral planes in- 
terſect one another in the ſame Pare it will 'be common to all the of pam 


FE FFITFs® 


5 the Rookie are bo ode that 1 1 may! . cut, and Te 
| ed to 7 Rt angle with the Faye of the n | 


9 — een 


Ft" YR OB. „Nite 8 1 575 | I 4 wer] 


WIS Y, 
: Giles the ne, A rda B a ( Plate Is apy NIE which. ; ag wa 
che lines 7 1, 42, 3, parallel to A C, and perpendicular to BC; required, 

its projection upon the plane g M NT, to which it is nee perpen- 
Grub; Kn ſhall be a ION apgſe. „ GR 7:5 av, 


11 | Draw 


328 
. 2 
* of; y 
FEED n = 
A 
* * * 
ö 


jection will be the ſame, if the original is 


BH, we fhall have the points 


129 D the Orthograptuck Prejection of OH Ap. I; 
Draw the line C g perpendicular to CG, and make it equal to C B; 
(Plate 4. Fig. 5.) then will Cg be the projection of the plane Ar da BC. 
But if it were required to project it ſo that A C D hall be a right angle; 
draw the line C B perpendicular to CD,. and B C will be the required 
projection of the plane Ar da BC: This will be manifeſt when the plane 
is erected, till the point A is perpendicular to the point C; for then 
parallel lines drawn from the points r, d, a, will fall upon the line C B, 
and be repreſented by the points 1, 2, 3; and the whole plane Ar da BC, 
will be repreſented by the right line B C, as by properties 1 and 3: For 
A C and CD being perpendiculars to C B, the common ſection of the 
two planes, will form a right angle at C, when the plane Ar da B C, is 
turned upon the axis B C till the point A is perpendicular to C; and if 
then a thread be ſtretched through the points A and D, we ſhall have a 


right angled triangle, of which the thread is the hypothenuſe, A C the 


perpendicular, C D the baſe, and A CD the right angle; tho' it was a 
right line before the plane was erecteeen. 3 
Note. The arch Badr A, and the radius A C are to be cut through, 
and then the plane may be turned upon the axis BC, 
" Given the plane Ar de B C, to find its repreſentation on the plane 
BMN T, to which it is ſuppoſed parallel © 
This is only making a plane equal and fimilar to the given one. There- 


fore produce the lines A C, 1 1,42, 4 3, toD, 7, fc; make CD equal 


AC, 1 tequal 7 1, 2 equal 42, and 3 c. equal @ 3; ſo ſhal OR: 
be the plane required. For if the plane Ar da B C, be turned round 
upon the axis B C, till it is parallel to the plage; the point A will come 
to the point D, 7 fo 7, Cc. and the parallels 1 . 4 2,4 3, will be pro- 
jected into equal and parallel lines, as by 8 2 and 4. And the pro- 

the lifted up to any diſtance above 
the plane of the projection, ſo it be parallel to it, tho* the projecting lines 


| beobliquetothe plane : As if it were required to project the plane A, daBC 


upon the plane RPOS, ſo that the point H ſhall repreſent the point B. 
Draw the line B H, and parallel to it, lines from the points A, 7, 4, a, 3, 2, 1, C. 
Make theſe lines each equal to the line B H; ſo ſhall H 6 5 4 E K, be the 
8 equal and ſimilar to the plane Ar dA B C; and if we draw. 
ines from the points 3, 2, 1, mand? 700 ake them equal and parallel to 
7. 85 92 nd K ſo 6,7, will be equal to 


- 


a3; 5, 8, equaltod2; 4; 9; cquaMoyr,s, E K to AC and H K equa 
BC, 4 od hel, 2% h 1 
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If the original is inclined to the plane of the projection, its repreſenta- 

tion will be leſs than the original, but its true dimenſions may be found 
by the following problem; provided its inclination and repreſentation be 
known, and the direction of the projecting lines. 


Eet the angle G CE (Plate 4. Fig. 5.) be the inclination, and BJ es E C, 
the N a has of a plane, and the projecting lines perpendicular to 


gle, and draw the line CG to interſect the D G; then will 
is will eaſily be conceived by 


theſe perpendiculars, which. will form ſo many 
Their hypethenuſes will be equa} to the lines 7x, 1 


VRO B. IV. 


rea, the plane Air da BC, and its inclination (the angle & C E) to 


the plane BM N T, to project it upon that plane. 


This is only the reuerſe of the former, for here the hypothenuſes and 


angles, are given to find the bafes.. Make therefore the given angle at 
C, and CG equal A C, from G let fall the perpendicular & E; ſo'thalb 


the point E be the repreſentation of the point A. Having thus conſtruc- 


ted the triangle G C E, right angled at E; the bafe C E will be the pro- 


jection of the line A C. In like manner, the baſes 1 5 2 e, 3 ů%u may be 
found; by making G 1, G 2, G 3, in the triangle, equal 'r 1, #2, 4 3. 


* 


in the plane Ar da BC: Then draw the lines Ir, 2 d, 3 4, parallg, to 


lar to the bottom and back ſide, will occaſion the 


Of the Orthognaphick Projection of = Cxar.'l. 


CE: Theſe ſet off from the points 1, 2, 3, in the line BC, upon per- 
pendiculars drawn to thoſe points on the plane BMN T, will give the 
lines 15, 22, 36; ſo that BEC, will be the projection of the plane 
Ar da BC. | 5 : | 

Our readers ſhould be well acquainted” with theſe problems: For we 
ſhall have frequent occaſion. to find the inclination of one plane to ano- 
ther. The next thing neceſſary to be underſtood is, when ſeveral planes 
are given, and their inclinations to one another, to find the dimenſions of 
another plane which will interſe& them in any affign'd poſition.  ' 

This will admit of ſeveral varieties; in order to explain which, we 
ſhall ſhew how to lay down a ſolid upon a plane. For this'purpoſe we 
ſhall ehuſe one limited by fix planes, like a cheſt, as being the ſimpleſt, 
and eaſieſt to be repreſented of all ſolids; for if the ends be two equal 
right angled parallelograms, 35 3955 to be parallel to one another, and 
perpendicular to the bottom; the ſides will be equal, and parallel planes; 
the top and bottom will alſo be equal. But in order to make all the 
planes different, we ſhall ſuppoſe it broader at one end than the other, 
,,, . a 
Let the Cg A, be the natrow, and D 5 B, (Plate 4. Fig. 1, 4.) 


a 
* 


a the broad end, right angled at 2 and A, alſo at & and B; their heighth at 


1 
"By 
D'S 


ſed perpendicu- 
to the b. ba will o the ſides likewils to be per- 
pendicular to the bottom, tho not parallel to one another ; the angle 
T PF or its <qual's C'S, will give the ſlope of the top ; of its inclina- 
tion to the back fide. Now all the planes are different, and before their 
dimenſions can be determined, the length of the cheſt muſt be given; 


the back ſide BD and A C equal. The . ofed 
1 


Which ſuppoſe the line A B. "This will determine the dimenſions of all 
the planes. And firſt to find the bottom. At.the points A and N, draw 


the perpendicular A E and BF; make BE equal B &, and AE equal A u, 
and draw the line EF; ſo the plane A B F E, will be the bottom. Se- 


_ eondly, to find the back fide, produce the perpendiculars E A and F. B, 


to C and D; making A C and BD, equal the given heighth of the ends, 


and draw. tlie line CD; ſo ſhall,” the plane A C D B, be the back fide. 


The bottom is the horizontal plane, and the back ſide, the plane of the 


elevation; Arid when this is erected perpendicular to that, the angles 
DB and CA E, will be right. And if the plane D&B be turned a- 
bout upon DUB as an axis; and the plane Cu A, turned round upon the 


axis CA, till they are perpendicular to the horizontal and elevation planes: 


Then perpendicular lines drawn from the points Diand , will fall iu the 
. it | | 


points 
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poigks B and F, and from C and s in the points A and E; fo that the plane 
AEF B, will be the projection of the top on the horizontal plane; which 
will be leſs than the original, becauſe it is not parallel to the plane upon 
which it is projected. But as its inclination is given, the true dimenſions 
may be had by Prob. 3. The triangles being conſtructed, produce the 
perpendiculars BD and A C, to K and I, making D K equal to the hypo- 

thenuſe D z, and CI equal to the hypothenuſe Cs; and draw the line 
IK ; fo ſhall the plane CIK D be the top. 

In like manner, the foreſide may be projected upon the plane of ele- 
vation, which will be the plane A8 TB: But this will be too ſhort. 
Therefore from the points F and E, draw the perpendiculars E G and FH; 
making F H equal to ? h, and E G equal tos u, and draw the line GH ; ſo 
ſhall the plane E F H G, be the fore ſide. The planes being thus found, 
they may be cut by the dotted lines, and erected to their proper poſition; 
and when the line I K, and the dotted perpendiculars are cut, the top 
may then be turned round upon the line CD, till it lies flat upon the 
plane A CD B, where it may be preſſed down; by which means the line 
CD will remain immoveable, and acquire ſuch a creaſe or fold, that the 
plane I K DC, may be turned round upon it as upon a hinge. In like 
manner, the dotted lines Cs, u, u A, (Fig. 1.) and the dotted. lines D, 
tb, Bb, (Fig. 4.) may be cut; and the ends turned round upon the lines 
CA and DB, till they are laid flat upon the plane A C DB. And when 
the top is likewiſe laid flat upon theſe, the plane A C D B, may (toge- 
ther with the ends and top) be turned round upon the line A B, till it lies 
flat upon the plane AG HB; after which all the planes may be turned 
round, and laid in their firſt ſituation; and fo they will all lie in one 
plane. We may now eafily ere the cheſt ; and firſt ere the ends till 
they are perpendicular to the back fide; and the top may be turned round 
till it lays upon the lines Cs and DF, And if the tongue x (Fig. 1.) be 
put in the ſlit x in the top, near I; and the tongue a (Fig. 4.) in the lit 
4 in the top near K; then the backſide, together with the ends and top, 


may be turned round upon the line A B, till it comes to be perpendicular 


to the bottom; and the point « (Fig. 1.) will be in the point E: And to 
keep it faſt, the tongue y may be put in the ſlit y. In like manner, the point 
b(Fig..4.) will be in the point F, and the tongue e may be put into the 
ſlite ; ſo we have now the ends, top, and backſide, faſtened to the bottom: 
And if the dotted lines EG, G H, H F be cut, the plane EG HF may be 
erected perpendicular to the bottom. The point G will be in the point s, 
and the point Hin the point ?; and the tongue L, which may repreſent 
the haſp of a lock, may be put into 2 ſlit L in the foreſide. 1 8 1 

1 The 
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The cheſt being thus erected, it will be eaſy to make any partitions with- 
in it, But if the poſition of theſe partitions be known, their true dimenſions, 
form, and inclination may be found before the planes are erected, 
The horizontal and elevation planes are always perpendicular to one a- 

nother. Now a plane may interſect theſe two in three different poſitions, - 
- 1}, When perpendicular to both. Its interſection in both planes will 
then be in a right line perpendicular to the line AB, the common ſection 
of the two planes, as Fig. 1. which interſects the elevation plane in the line 
CA, and the horizontal in the line AE. This is what the ſhipwrights 
call a ſquare plane. * | 7 | 

: 2dly, When inclined to the plane of elevation, but perpendicular to the 
horizontal, as Fig. 2. which interſects the plane of elevation in the line G H 
perpendicular to A B, and the horizontal in the line H H. So its inclination 
to the plane of elevation, will be the angle » H 5, This the ſhipwrights 
call a canted plane. But if the plane A E F B, be the plane of elevation, and 
the plane AC D B, the horizontal; the plane interſecting them in the 
lines G H and H 5, would then be called a raking plane. | 
Za, A plane may be inclined to both, as Fig. 3. interſecting the plane 
of elevation in the line MN, and the horizontal in the line NSS. This 
plane is ſaid to cant and rake. Their poſitions being thus determined, 
their dimenſions are likewiſe determined. TRE Ih 


PROB. V. 


To find the Dimenſions of a ſquare Plane, interſefting the common Section 
of the Horizontal and Elevation Planes in the Point A. (Plate 4. Fig, 1.) 


Through A draw the perpendicular I E, interſecting the common ſec- 
tion of the top and backſide in the point C, and the common ſection of 
the bottom and foreſide in the point E. Make a right angle at A, be- 
eauſe the required plane is ſuppoſed perpendicular to the horizontal; and 
make A equal to A E, the breadth of the bottom at that place. Again, 
becauſe the foreſide is perpendicular to the bottom, make a right angle at 
u, and us equal to E G, which is the breadth of the foreſide at that place: 
Laſtly, draw the line C; fo ſhall Cs be equal to CI, the breadth of the 
top at that place; and C54 A the required plane, the angle 8 C, being 
the inclination of the top. | . 5 
I be profile, is the proper plane to project all ſquare planes upon, as 

being parallel to it. Now the plane D? 4B, is the profile: And if it 

were required to find the dimenſions of a plane, interſecting the horizon- 

tal in the line A E, and the elevation in the line A C; it is only 
— | O 


1 — 
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off A E from ; to þ, and drawing þ o parallel to BD; then will Do B, 
be the plane required, equal to C A; and ro equal to 84. For BD 
and C A, are equal by ſuppoſition. : | 


PROP. VE 
To find the Dimenſions of a Cant Plane, interſeftting the Horizontal Plane 
in the Line Hh, and the Elevation in the Perpendicular G H. (See 


Plate 4. Fig 2.) 


From the point h let fall the perpendiculag h , and produce it to in- 
terſe& the line 8 T in W, and draw the line G W; then will GWH, 
be the projection of it upon the plane of elevation. Which will be leſs 
than the original, becauſe it is inclined to it; but its true dimenſions may 
be found by Prob. 3. Thus make H equal to H , and raiſe a perpen- 
dicular at 7: Make m equal to w W, and draw the line G m; ſo ſhall 
G m1 H, be the required plane. The angle 2 H , its inclination to the 
backſide ; and the angle H Y E, the inclination to the foreſide. | 


PROR ͤ 


To find the Dimenſions of a Plane that Rakes and Cants; interſecting the 
Horizontal in the Line N , and the Elevation in the Line MN. (Hg. 3.) 


1/7. From ꝗ let fall the perpendicular qz; thro' z draw the line P/, 
perpendicular to MN, produced to f. From the center N, with the ra- 
dius N , interſect the perpendicular FP in P; and draw the dotted line 
NP. Again, thro' M draw the line MR parallel, and equal to N P, 
and draw the line PR; ſo MNP R, would be the required plane, if 
the bottom were as broad at the point v, as it is at the point 2, and the 
top parallel to the bottom. But as this is not the caſe here, the required 
plane will be narrower at the top than at the bottom. | | 

24, From M let fall the perpendicular M, draw the line v V, 
parallel to N /i; make M equal to v V, and draw the line P m9. So 


i MNP, would be the required plane, if the top was parallel to the 


3d. Make Ny in the line Ng, equal to vV, draw the perpendicu- 
lar pr, and make Mu equal to Nr. So a line drawn from r to n, would 
be parallel to MN, and would interſect the line 8S T ſomewhere; and a line 
drawn from that point of interſection to M, would be the projection of a 
plane interſecting the plane of 3 in the line MN; and the a 
Gy | h 2 8 - Zonta 


070. Orvhizraghieh bellen 7 en 1: 
The cheſt being thus ere cted, it will be caſy ta make any partitions with- 


in it. But if the poſition of theſe partitions be known, their true N I 
form, and inclination may be found before the planes are erected, | 
The horizontal and elevation planes are always perpendicular to one a- 
nether Now a plane may interſect theſe two in three different poſitions. 
., When perpendicular to botb. Its interſection in both planes will 
then be in a right line perpendicular to the line A B, the common ſection 
of the two planes, as Fig. 1. which interſects the elevation plane in the line 
CA, and the horizontal in — line A We T his is what is pgs 
call a ſquare plane. 7 
: 2dly, When inclined to 75 plane of Wenden but perpendicular to the 
horizental, as Fig, 2. which interſects the plane of elevation in the line & H 
perpendicular to A B, and the horizontal in the line H 5. So its inclination 
to the plane of elevation, will be the angle » H 5, This the ſhipwrights 
call a canted plane. But if the plane A E F , be the plane of elevation, and 
the plane AC P B, the horizontal; the plane interſecting them i in the 
lines G H and H 5, would then be called a raking plane. 
©3d1y, A plane may be inclined to both, as Fig. 3. interſecting the phate 
of elevation in the line MN, and the horizontal i in the line Ng. This 
plane is ſaid to cant and rake. Their pouch erg thus: at rare 
an N e are Ukewiſe determined. A 


p R O B. v. eee 


Ta find the Dimenſion 9; a ſquare Plane, interſefling the common Se#ion 
75 the Horizontal and Elevation Planes in the Point A. (Plate 4. Fig. EF * 


Through A draw the perpendicular IE, interſecting the common ſec- 
tion of the top and backſide in the point C, and the common ſection of 
the bottam and forefide in the point E. Make a right angle at A, be- 
eauſe the required plane is ſuppoſed perpendicular to the horizontal ; and 
make Au equal to A E, the breadth of the bottom at that place. Again, 

becauſe the foreſide is perpendicular to the bottom, make a right angle at 
1 and us equal ta EG, which is the breadth of the foreſide at that place: 

| Laſtly, draw, the line 25 fo ſhall C:s be equal to C I, the breadth of the 
top at that' place ; and C 1 A the POPE. plane, the angle 8 E 55 being | 

1 the . of 3 1 e | 90 

= The profile, is the pro rp e to roje quare anes upon, as 

1 being Parallel to it. probe the plane 95 5 B. is the profile: And if it 
were required to find the dimenſions of a plane, interſecting the horizon- 

3 line AE, and the elevation 1 ———_ line AC; it only "I 


* ; : 35 4 


off AE from Bto Pp, and een 7 0 Karr to B D; then will Do 
be the plane required, equal to Csz Az, and ro equal toSs, d | 


ond: C A, are mega by ſuppoſition, 


P R O B. VI. 


75 fad FY + Denton of a Cant Plane, inter ſecting the Heine Plane 
in the Line Hh, and the Elevation in mw Perpendicular G on 699 


Plate 4. Fig 2.) "IH 
From the point + let fall the FEI h ww, and produce it toi in- 
terſe the lineS Tin W. Ee line G W; 8 G WH, 
be the projection of it upon the plane of elevation. Which will be leſs 
than the original, becauſe it is inclined to it; but its true dimenſions ma war b 
be found by Prob. 3. Thus make H equal to H þ, and raiſe a perpen- 
dicular at 2: Make u m equal to w W, and draw the line G m; lo ſhall 
G mn H, be the required plane. The angle n Hb, its inclination to the 
bande ; and the angle H HE, the 2 to che forefide, , 


„ VII. 


To | find the Dimenſions of a Plane that Rakes and Cants 3 — 
| Horizontal in the Line N 4, and the Elevation in tbe Line MN. Bg. 3. A. 


Igor | From 9 let fall the perpendicular 755 ; thro' 2 draw the line P 4 
3 to MN, produced to F. From the center N, with the ra- 
dius N , interſe& the perpendicFulaf 5 Pin P; and draw the dotted line 
NP. Again, thro' M draw the line MR parallel, and equal to N P, 
and draw the line PR; OM NPR, would be che required plane, if 


© the bottom were as broad at the point v, as it is at . S, and the 


top parallel to the bottom. But as this is not the caſe ere, the required 
par ane will be narrower at the top than at the bottom. 
2d. From M let fall the perpendicular Mov, draw the line * V. 


parallel to N 9; make M equal to v V, and draw the line P u. 80 
ee world de e dae if deep was parallel to the 5 


e line al. to v. ds ena KA 
1 75 and —— 172 1 er qual Ne, 2 a line drawn Min any hoo 


be peg to MN, and Wl interſeck the line 8 T ſomewhere; and allne 
from that point of interſection to M, would be the projection of a 


ing the e of ee in che Tine 1 WT 3 and che Hori- 
R 8 48 1 wg eg 59 
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126 of the of- put Projettion of Cap. I. 
zontal plane i in the line Ny. But there will be no occaſion to draw this 
line, becauſe N is the length of the line of interſection of the required 
plane ; and æ the projection of the point . Therefore a line muſt be 
drawn from z to n, which will interſect the line 8 T in X; fo ſhall 
MN X, be the projection of the required plane, upon the plane of ele- 
vation, which will be leſs than the original. To find which, . thro' X 
draw a perpendicular to the line M N, to interſect the line P in the 
point 4; ſo ſhall M 4 P N, be the plane required. And to find ſts in- 
clination to the plane of the elevation, draw a line thro' 2 parallel to f M, 
and produce it to ?: Make Vr equal to fP ; ſo ſhall zf f, be a right: an- 
gled triangle; and the angle 2 Ft, the inclination to the backſide. For 
if the triangle be erected per ndicular to the plane, as mentioned in Prob. 3. 
the lines 77 and FP, will coincide.” To find the inctination'to'the fore- 
fide, make the angle 2 No, equal to the angle 2 #7; ſo thall No V, be 


- the required angle. For if the lines A B and E F were parallel; the in- 


elination to the backſide and foreſide would be equal. Laſtly, to find 
its inclination to the bottom; thro' the point v draw 46 perpendicular ; 
to N g. produced to a. From N, with the radius N M, interſect the 
13 in the point 5. With the radius 4 b interſect the line v V, 
in the point ce; ſo ſhall av c, be a right, angled triangle, and 

the angle ea, the inclination to the bottom; or, which is the ſame thing, 
42 the perpendicular vc equal to M v. For if the plane MNP R. 
"os projected upon the horizontal plane, the point M would be Uevited 
till a. perpendicular from'it would fall trom the point v; ſo 4 © would be 
dhe __ and « a 5 = ="0.0 the hypothenuſe of the right W 9 4 vc. 
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yy dock” Jut * 1720 upper ee appbl e at x, "bo 518008 by 165 it io 
5 the point in the bottom o the door will not touch the floor. #7 $6. 
And if the door be turned ro und upon the axis MN, till it les flat 
upon the partition, or plane & N sLY; FG line Ny will lie up 
am ie + the be MN if 6 Nouns e k a . pl for the 


em 


_ Chas. I. RG in Solids upon 1 Plane. e 127 
dom of the door is ſquare. But the required plane muſt touch the floor 


when it is in a direction of the line N; therefore it cannot be ſquare: 
And becauſe the extremity of the bottom, when the plane is in its pro- 
per poſition, will be ſo far elevated above the plane MN R, that a per- 
pendicular from it will fall in the point 2 it is obvious, that in turning 
the door upon the axis MN, a perpendicular let fall from the extreme 
point of the bottom, will always meet the plane My R, ſomewhere in 
the perpendicular / z produced; and therefore when the door is laid flat 
upon the partition, or plane MN P R, that extreme point muſt lie 
upon the point P, becauſe the dotted line NP, is made equal to N 73 
and when PR is drawn parallel to MN, and M R parallel, and equal to 
NP, we ſhall have the plane MNP R; fo the angle MNP, will be 
that which the bottom makes with the ſide of the door. By which 
means the triangle N P, will be added to the ſquare bottom; and when 
the door is turned upon the axis M N, till it is in the direction of the line 
N 9g; the dotted. line NP. wilblie cloſel upon the floor oh the line N 7: 
When the door is in this poſition, if the ſtock of a ſquare be laid upon 
the plane M Ns Y, which may repreſent the partition of a room, and 
the tongue erected perpendicular to the plane, we may deſcribe the 
line z 1, by keeping the ſtock of the ſquare perpendicular to the line 
MN; and moving it along the plane in that direction, the tongueal- 


Ways touching the fide . of the door. All which will appear yeryiplaih, 


* 


n enn Wann 12 

when the planes are cut by the dotted lines, and erected to their py 
| TIT „ i 4; ; _— in e . g i 5 1 a 5 | 4 ; 0 = 

Thus I have endeavoured. to explain the principles of the orthographick 
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If they cannot tain this by what has been 
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128 of the Orthographick Projettion of Solids, bee Crap, II 
planes, ui, horizontal, elevation, and profile. And if the true form and 
dimenſions of two planes parallel to the profile, and like wiſe their diſtance 

| one. another be given; we may find the true form and dimenſions 
B | of apy intermediate planes between them, in the ſame manner as we have 
1 duo in that already laid down. But it muſt be ohferved, that the form 
Z of the ſurface, which limits that part of the ſolid intercepted, hetwixt the 
7 19% — planes, muſt likewiſe be given; which ſhall be ſhewn plainly 

5 af come to apply what hes n nom bad to whe Sul lying 
5 down ROO e A 4-16 e ale mono od: 4 
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FRA 8 c ent in Rr of hips ps, is 60701 th AY 
il the timbers. Now if a Thip's 8 fide were ftrait fore and ne, 
this coli be done with as much certainty, as in the. ſolid laid down in 


the pre rl 5 ceding chapter. In that caſe. we need only determine the form of i 


A: 


remaſt and aftermoſt timbers, and then” all the ſections, either pa- Jas 
1 or inelined to the horizontal, cutting the ſhir p. ztheyiſe, would 
be limited by ſtrait lines ; any twa points- of whic ch. ing fiven, a ruler 
or ſtrait edged batten would find the whole ling. Ad! ho; all feckions 
f Parallel to the profile may be limited by curves, and Very irregular, 
Jet if a ſufficient number of points be found in eac , A thin baten af 
Fable wood may be bent ſq as: to touch all the points; and fo deſcribe 
Phat is called a fair curve, Now. we maß have as many Point as we 
a a only by forming as many ſections, Either wee heine 
* the Eo as ſhall be thought neceſſary to have Ping f in rake 
I 


1 be that the ſide is ſtrait fore and aft, theſe {ections. W 5 
died by ſtrait 11255 9 lengt 
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Stem. I. Of the Lines in drawing Ships, 129 


ample, and a, caſe that cannot happen.in laying down a ſhip; which be- 
ing broader near the middle than at either end, cannot have a ſtrait ſide. 
And therefore, there will be a neceſſity of determining the form of the 


profile, by a ſection at the broadeſt place of the ſhip, and alſo the form of 


a ſoction near gach end parallel to the profile. Rox 

There san be no invariable rule given to determine the form of theſe 
three ſections, becauſe they muſt be conformable to the ſervice the ſhip 
is deſigned for: However, determined they muſt he, before we can be- 
gin to ſind the form of the intermediates; if by no other means, by re- 
peated trials, till they pleaſe the fancy of the artiſt, aſſiſted by his judg- 
ment in diſcerning what form will beſt anſwer the propoſed deſign. The 
next thing to be determined, is the form and dimenſions of ſeveral ſec- 


tions, either parallel or inclined to the horizontal. They will all be li- 


mited by curves, ſome. of which will be very irregular. However there 
will be three points in each ſection given, by the direction in which they 
cut dN en Flas nit ods r e ay os 
Here we think it neceſſary to explain what is to be underſtood by a fair 
curve; a term frequently uſed in drawing: In order to which it muſt be 
obſerved, that the circumference of a circle ſeems to be the only curve 
that can with certainty be drawn; for this requires no art. But in de- 


ſcribing an ellipſis we muſt find ſeveral points, thro' which the curve wa : 


pals according to the eſtabliſhed properties of that, curve; and then theſe 
points may be joined by a ſteady hand, which may be aſſiſted by a mo 
or pattern, of which the artiſt ſnould be provided with a variety of di 


purpoſe. Now if one that is not very well acquainted with drawing, 
ſhould attempt to join theſe points without ſome ſuch aſſiſtance, he 8 


'+ make rather à polygon, conſiſting of ſeveral very obtuſe angles, than a 
curve; whereas a mould that, will juſt touch three, four, or more of 


the points, will cut off all theſe angles and irregularities, by which means 


the curve will be clear of all breaches, or ſudden turnings and deviations; 


and this is what is called a fair curve. From this deſcription of it, we 


may plainly ſee that, if there be only three points of the curve given, 
there may be ſeveral curves drawn thro them, and all very fair. 11 


3 forming an ellipfis, if the tranſverſe. and conjugate diameters. 


given, we may with certainty, find any number of points, thro' which 


the curve muſt paſs, But the curves that are formed by the ſeveral fec- 


tions of a ſhip, are very irregular; and as they have no properties pecu- 


N : Ps a „ 5 a ; L N d * 5 1 * 
rule for deſcribing them. We ſhall therefore attempt to do it by ſectot 
N A - 0 - —— . * 8 2 * 5 N e 4 F 4 1 
#BEEE 6 £ y $ k : A 2 RF LY n : 
. . LOL „ 3 We ET w 58 


liar to themſelves, except that of being fair, there can be no invariable 
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rent ſorts made of pear- tree, box, or ſome other wood. proper for. that 
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lines taken from an approved body. This will undoubtedly form lines 
ſimilar to the original ; and the ſector is fo contrived, that it will form 

very fair lines quite different from'the original, It is preſumed this will 
be very uſeful to thoſe. that are not well 'acquainted with drawing, for 
whoſe uſe” it is chiefly intended. However, before we deſeribe it, we 
ſhall ſhe w the methods generally uſed to regulate the form of all the 

curves that are neceſlary 1 in drawing of ſhips; and in the firſt place ſhall' 
explain their names in the following definitions. We ſhall make uſe of 
three planes, as AW in che N —_ but cot them ane 
End names. | 


oP 


DAT LN 10 N.s WY... en 


"BY The Fer plane is the ſame with that of elevation; . is a ſection 
of a ſhip ſuppoſed to be cut, boy a Fraue paſſing thro' 115 middle line 725 
the keel, ſtem, and ſtern- p oh! 

2. The floor plane is the 8 with che horizontdy: an Is. that on 
which the whole rr is erected: The oppet fide of the eek is in this 

lane. 
: 3: The Ney Nass is the ame with the penis 11 isn bection, gd 
ofed to cut the ſhip thro the broadeſt Pcs, and i 1s ede N to the 
theer and floor plane. 3 
„ Water lines arefappoſel to be dwiy Gh the: ſurface ofa ſhips by 
the upper part of the water into which ſhe ſwims, and are formed by 
the ſeftion of a plane cutting the whole body lengthways, perperationize 
to the ſheer plane, where they will always be repreſented by ſtrait lines; 
and if theſe are parallel to the keel, they will be te preſented by ſtrait lines 
on the body plane, called level lines. But theſe planes will be limited 
by curve lines on the floor plane, which in ſome caſes will be inverted at 
the after end, and alſo at the fore end; but this laſt is avoided as much as 
poffible. Theſe curves limit the breadth of the ſhip at certain heightlis, 
expreſſed by lines drawn on the ſheer plane for that purpoſe. But as the 
ſheer plane cuts the ſhip exactly in two equal and ſimilar parts, only one 
Half of theſe ſections are laid down; 3 een, one ſide will In be re- 
preſented by a ſtrait line. n tl: 
g. The heighths of the breadth lines are deſcribed s on the: ſheer:pline, 


A & determine the heighths at which the half breadth of the planes of the 


fimbers are to be ſet off; in which reſpect, the water lines on the ſheer 
plane may be called the 'heighths of the "breadth lines. But becauſe the 
extreme breadth of the plane of each timber riſes. gradually from the 


tidthips t fore and aft; the oe ny: their , r 
e 


Such are the main, and top timber heights of breadth lines, which are 
the principal ones that go by that name; but there may be as many more 
as ſhall be judged neceſſary to determine the form of all the timbers. 


6. Half breadth lines are deſcribed on the floor plane, and are curves 


limiting the half breadths of the planes of the timbers, at the heights ex- 
preſſed by the correſponding heighth of breadth on the ſheer;plane, in 
which reſpect the water lines may be called half-breadth lines; but that 
name is generally given only to ſuch whoſe heights are expreſſed by curves 
on the ſheer plane. They are formed by ſuppoſing the ſhip to be cut 


© © 


lengthways, in a perpendicular direction to the ſheer plane, thro? a curve 


heighth of breadth line. This will form an uneven ſurface ; ſo the true 
length of it is not repreſented on the floor plane. „ 
7. Ribband lines are either ſquare or canted. 


The ſquare which is often called the horizontal ribband line, is in all 
reſpects the ſame with the above deſcribed half breadth lines: The uſe 


7 — 


of the ribband is to faſten the timbers before the plank is brought on; 


for which purpoſe they muſt be of a ſufficient ſubſtance, and formed in 
ſuch a manner, that they may fit the timbers without forcing or penning 


them. It would be very difficult to make a ſquare one, becauſe it rounds 


two ways; for when the ſhip is cut upon a level by this ribband, the ſur- 
face produced will be an uneven one. Upon this account, a plane muſt - 


be ſo inclined to the ſheer plane, that It hall interſect the tittibers at the 
1 | IRE DH 20G 2R1.2, 


* 
- 
— 


3 


fame eighth at the ſtem and po 


5 points wich the ſquare ribband. Uh 4 22 yy "IS 


Ul Artec c the ke dere in the kane points that the ſuale riband dees 
Ir will interſe the ſheer plane in a teat line Parallel tb tHe Feel, ur the 
„ with that of the ſquare ribhand. Its 
repreſentation on the floor plane, will be the fame as that of the 8 
ribband. But becauſe the plane of it is not parallel to the floor plane; 


this will not be the true breadth of it. This may be found by Prob. 3. 


3 7 8 2757 1 


of the preceding chapter, by which means we (hall obtain the exact length 
and breadth of it; and being a plane, it will only round one way, and fo 
à ribband may cafily , e Tr Ty 


„ 


* 


. 8.. Sweeps, are arches of circles, deſcribed in the body plane to form 
the timbers, and are generally four: 3 4 4 n . . 
. The floor ſweep, which is limited by a line drawn in che 
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plane, perpendicular to the middle line, à little above the keel. The dif- 


(tahice of this line above the keel, at the midfhip timber, is called the dead 


4 


+ | 1 
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* 


z the upper part of this arch förmig the bead of the floor timber. 
pper par * n 
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: ce 45 Nea 4 1 „ a * N 1 . £4 44. * . 8. — A 1 . 
The cant, or diagonal ribband, ſo called becauſe it cuts the body plane 
obliquely, or in a diagonal, is formed by a plane inclined to the ſheer plane; 
Bo * 7 . 22 1. 3283 * * 1 5 . C3 * By 0 
and cutting the ſhip length ways in that direction, in ſuch a manner that it 
E 
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"2d. The Bader breadth {weep ; ; the center of ia 10 in che line chat 
ee the hei hth of the extreme breadth. of the timber. If there i is 
3 part of the tim er ſtrait, the center, of, the ſweep will, be i the lower 
line. From this center extend to the Point that limits chte alf breadth of 
the timber i in the, ſame line, and A wife that; radius deſcribe AFR 25 
Wards, till it mes near to the floor ſweep. . 
8 34d. The Tegen ſwee which ; Joins , the two former in ſuch-a a man 
| ner as to inter ſect 17 2 : ; by wk WI hich means We Thall have. a fair curve 
from eighth b cadth to the riſing line: And ifa a ſtrait line is 
. wo from the fi 1 keel, at the upp gr. edge, to touch the back of 
* e cer ſweep, we 11 av the. form « 0 the miglhip fiber below the 
readt 
11. 4th; The ela breadth Inca gh center ok which i is in the line that 
repreſents the extreme u begs heig hth of the breadth of the timber; ſom 
which a g 10 muſt be hy to. als;thro' the fat that limits the half | 
threaded, of the timber in t 1 pro duced , 010 Cre-- 
"tion: ally. to form the 1 > top. 5 70 
the hollow of the top timber ; b 


14 0 


uk, this,is 5 1 done Fe a mou d 10 


7 as juſt to touch the aboye brea 


ie the hal read 1875 0 Pooh res the for of. th 
Joe timber f 0 1 gry 0 in = 1 


radius of 17 un 


erneath fweep decreaſes, the farther t 5 fro the 
he other ſw Pans have. 9 0 the, 1 RPE A - 5 * 
a LerG 8 is n peel * le to pe rmine the tadii of Mete e | 


them to the 5 bre os Fj of the 55 ip. ac 


- A eee chis 
mi up.tim xetimes | 47705 arch e {Rr 1 7 ſtrait 
= 8 FEY 555 to. jou N N eh 7 in | 


I Ups it ama d. 8 1 Ix vor 44 2 ol 
92 5 oY becadth of * e Hoor vg ce. 5 che center n the Hoo 
c ps ill alway be ek THe OF 


1 he br 1880 3 ps, ihe 
10 292 85 G ch aim i tte D ft A 115 Ihe: 11 Fl 
e Ae pin 


ſhips will — above the riſip N 
11 18 4 a e oo. the. heer” Phage, 52 f 
$, at 1h1ps it runs n ar 
a 0 275 - he ber bers Dot. and. _abalt 1 che. 12 5 . | 
FR theſe nde r A led. lats but 1 in ſharp ſes grad 
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times adapted an half breadth of the floor line. The uſe of theſe two lines 
is to find the centers of the floor ſwree ps. 17 
11. Cutting down line, is drawn on the ſheer plane. It is limited in the 

| migthips. by the thickneſs of the floor timber, and abaft by the breadth of 
the kelfon ; for it mult be carried ſo high abaft as to leave room for the 
kelſon, for which purpoſe the thickneſs of the timbers muſt be known. 
It muſt be carried up ſo high upon the ſtem as to leave ſufficient ſubſtance 
for the bree ches of the riſing. timbers... The lower edge of the kelſon is 
in this line: fo it limits the thickneſs of all the Hoop timbers, and li 
the heighth of the dead, wood afore and abaſt. 

ann Timber and room, or room and ſpace, is is chen diſtance 1 0 the 
ine: edges of two. timbers, which muſt, always contain the breadth 

of two timbers, and ſometimes two or three inches between them. It muſt 
be obſerved, that one mould ſerves for two timbers the foreſide of the one 
being ſuppoſed. to unite with the aſtſide of the other and ſ make only one 
line, which is actually the caſe in all the frames, whigh. in ſome ſhips are 
every third, in others every fourth timber, The ffames att firſt put up, 
and faſtened to the ribbands, and afterwards the Wise — up, which 
are called filling timbers. The midſhip timber: is called: dead- flat, and 
diſtinguiſhed by. 5 character, @.z, the-timbers abaft the, mid chip are dif- 
tinguiched by the figuges f; 3, 3. At. and thoſe before the midſhip by the 
detters of the alphabet A, B. e Plate . = "re 
tire deed are Hehingwifhed „ £be or eds Gree OW! —_ inne 


Heat (* Atti (754 8115 70 garde Sy © ft © hes SH ** AJ OTE Arb: + 

_ ll: 10 rar! den 8 „ V1 je da thy Sree 55 2205 
a zin Sai Wer So „ eas n O Nen 
if? wy 29163 0d Hive 23 2411 6) wth 1 alias 2d Num 112 24715 
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uk length of the keel,/exttemebreadth, depch in the "hats, Heghth 
5:1: between (decks, and in the waſte ;-and\ſometimes the heighth and 
th of the wing tranſom are agreed; on by contract in the merchant's 


Poa tO} 97h 


to the trade the ſhip is deſigned for. 9602 38621 mon! girl bir 2 81 

The firſt thing that is generally done; is 10 lay down the keel; ſtem, 
and poſt, upon the ſher planes: Then to determine the proper ſtation 
of the midſhip timber. where a perpendicular is ae It is generally 


about 3; of the keel before; the poſt. On this line; the given depth of 


the mold as ſet off from the u pper fide of abe keel; 1 to obe usch point, 
the thickneſs of the timber and d plank muſt be Cato that agreed on by 
751K | S2 . * 


br 
; ſerviee:>Prom which-dimenſions the builder is to form a draught ſaitable 
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eontract, This being fixed, will enable us to determine the upper heighth 
of the extreme breadth at that place, which ſometimes is the very point 
Itſelf. The lower heighth of the breadth muſt likewiſe be determined at 
this place. Then we may form the two main heighths of the breadth 
lines which nearly rite abaſt and afore. Abaft, theſe curves end at the 
wing tranſom, or above it; and afore; they are carried up ſometimes as 
High as the hawſe holes. The heighth of the breadth line of the on 
timber muſt likewiſe be formed. * his 1s generally done by a bow, whic 
makes neatly am arch of a circle. It is limited in midſhips by contract, 
afore and abaft only by the fancy and judgment of the artiſt, according 
to what ſheer he defigns: We muſt alſo form a line for the rifing | of the 
floor; fer which purpoſe we muſt determine the dead rifing, which i is that 
of the midſhip timber“ This limits it at chat place, and in the whole 
moulding it is pretty near parallel to the lower heighth of the breadth line. 
Fheſe lines muſt abſolutely be' drawn on the ſheer plane; and correſpond- 
ing to the main and top timber heighth of breadth lines, there muſt be two, 
Half breadth lines'formed on the fibor{plane,” Vo 
The main half breadth at the midſhip timber is W 8e on by contieeh, 
ey obſerving that the thickneſs of the plank muft be deducted out of it, 
becauſe it is the extreme breadth from outſide to outſide of the plank that 
& contractec for. Thoſt᷑ in the draughts are called meulded half breadths:: 
Then the breadth at the wing tranſom, if a ſquare ſtern, is limited: It ĩs 
generally about two thirds of the extreme breadth, but this is juſt as che 
artiſt ſhall think proper. He alſo fixes the breadth of the top timber, and 
then deſcribes the two half breadth lines. In the due formation of theſe: 
curves on the ſheer and floor plane, the whole art of drawing chiefly con- 
fiſts; which muſt be acquired hy practice, ſo that it will be ſcarce poſſi- 
ble for one that is. nat. very well acquainted: with drawing, to, form We 
without having recourſe to ſome other draughts. After theſe are formed, 
the tations of the timbers are fixed, if the dad ſpace, and the breadth 
of the midſhip timber is agreed on by contract, this will determine the 
ſtatidn of all the timbers; Obferving chat the timbers abaft tlie mit hips 
muſt be ſet off — — the midſhip timber: wand the timbers 
before the midſhip from the aft fide of it. At every third or fburth tim 
ber there muſt be perpendicular drawn on the ſheer! and floor planes to 
the Ine that repteſents the lower edge of the keel, which is the common 
ſection of theſe two planes; tho ſometimes the half breadth lines are de- 
ſeribed on the ſheer plane, when there is not ſpace to produce the 
ditulars till they be of ſufficient length to contain the be bezieh 
breadth and * 90 Rutu 1 1 * tics 8415119 * BET bo 92 1105 Alt $5 53 
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After the timbers are ſtationed, and the perpendiculars for the frames 
drawn on the ſheer and floor planes; we proceed to the body plane, and 
draw a line equal in length to the whole breadth moulded. This line 
may be called the baſe of the body plane. A perpendicular is erected at 
each end of it, and one in the middle, which may be produced at plea- 
ſure. The next thing to be done, is to form the midſhip frame: The 
limits of it are had from the ſheer and floor planes; the lower, upper and 
top timber heighths of the breadth are taken from the ſheer plane at the 
perpendicular, repreſenting the midſhip frame, and ſet off on the middle 
line of the body plane from the baſe. Thro' theſe points, lines are drawn 
parallel to the baſe, and the reſpeCtive half breadths correſponding to each, 
are ſet off on theſe lines, from the middle line in the body plane. The 
lower and upper main half breadths are limited by the perpendiculars al- 
ready drawn at each end of the baſe, The half breadth. of the top timber 
is had from the floor plane on the perpendiculars repreſenting the mid- 
ſhip frame. The heighth of the dead riſing is likewife taken from the 
- ſheer plane, and ſet up from the baſe upon the middle line in the body 
plane, . thro* which point a line parallel to the baſe muſt be drawn; and 
upon this line the half breadth of the floor is ſet off from the middle line, 
at which point a perpendicular is erected. The center of the floor fweep 
is in this line, from which a circle muſt be deſcribed that ſhall juſt touch 
the rifing line. A proper radius for the under breadth ſweep is next to 
be found: The center of it is in the lower breadth line, from which it s 
_ deſcribed to paſs through the point which limits the half breadth. After 
which the radius, and center of a reconciling ſweep to join the floor, and 
under breadth ſweeps is found, and the circle deſcribed; and to complete 
the frame below the breadth, the half:breadth of the keel is ſet off from 
the middle line on the baſe; from whick point, a ſtrait line is draven to 
touch the back of the floor weed i 7 
By this way of 3 the frame, it is plain the centers and radii of 
the ſweeps are arbitrary, but they muſt be determined before any of the 
other timbers can be formed; if by no other means, by repeated trials, till 
they are made to pleaſè the fancy and judgment of the artiſt. But there 
. are various other ways of forming this frame; ſo that, tho ſeveral ſhips 
may be of the ſame breadth, depth in the holq; and dead riſing, they 
may alli differ in the form of their timbers. After this midſhip timber is 
formed, a pattern or mould ãs made to fit exactly to the curve; and the 
dead riſing line. By this, and a hollow mould, all the timbers are form- 
ed ſo far as the riſing line, and lower heighth of the breadth line are pa- 
tallel to one another in the ſheer plane: This is what is called e 
3 : : | . d= 
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moulding, which we ſhall illuſtrate by laying down a long boat. And be- 
cauſe in ſeveral mould lofts there is not ſufficient length for the ſheer plane, 
it is often laid down as if it were cut by the midſhip frame, and one part 
laid upon the other in ſuch a manner, that the midſhip timber of the 


after part Gall coincide, with, Aa og let fall from the fore part of 5 
the ſtem. Ghee 


T4 0 lay down a ieh, 20 Hos 1 vel FA and 4 Breadth moulded 9 Feet. | 
( ee Plate 5.) 


lad, Buben whe rait live 5 G, read: ere the eee PT. +" Hel 
ths point P ſet off 29-1, the given length of the keel. But becauſe the 
plate will not admit of the whole length, let the ſtation of the midſhip 
timbet be aſſigned; at which point erect. the perpendicular ® M. Let 
NM be the upper, and N the lower heighth of breadth, at that place; * 
the heighth of breadth at the tranſom, and draw the curve IM to repre- 
-ſent the ſheer, or extreme heighth of the ſide. This in a ſhip would be 
called either the upper heighth of breadth line, or the upper edge of the 
wale. Draw alſo a curve thro' the point N, parallel to T M, to repre- 
ſent the breadth of the upper ſtrake in a boat, or lower edge of the wale, 
if in a ſhip. The dotted line TN may alſo ba drawn to e ere the 
lower heighth of brea dein pad Bar ni zi. 
24. Set off the rake of the Felt from P to 5. and draw tis Fan to 
-repreſent the aft ſide of the poſt;! ſoiſhall 'Ti/- repreſent the round-up:of 
 +the. tranſom; Set off the breadth uf the poſt from ↄ to r, and from T to 
, and draw the line 75 to repreſent the fore fide of he poſt, which may 
either be a curve or a ſtrait line at pleaſure: Set up the heighth of the 
:tuck from p to E. Let & x be. the thickneſs of the tranſom, and:dravw the 
line ⁊æ to repteſent the ſore ſile ofrthertranſorm: 5/1 ls 1! ie od 
3d. Set up the dead riſing from © to d, and form the — * ue d. 
We may then draw the line K L parallel to P S, to repreſent the lower 
edge of the keel, and another to repreſent the thickneſs of the plank or 
the rabit. The rabit on the poſt may likewiſe: be reproſented;)'and the 
g ſtations! of the timbers aſſigned; mne enen roger 
mames, wi. &, OI 1, 2, 35.45 e 6, 3 to ern. ie on 
Thus have we compleated the lane; or ſidle — forthe after | 
body; and in like manner —— pres Was oduce | 
-the'lline GM to the heighth of the-ſheer:om the fore part e | 
form the ftem:either by ſweeps or ſomecother —— The breach 
aof the ſlem muſt be known, and the aft ſide: like w iſe ſor mad. The ſtem 
being * we may ſet and 8 — as the line 
EO : +2 
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P & wanted of the whole length of the boat, which ſappoſe ® ©.” Erect 
the perpendicular © F, and make it equal to M, the heighth of the 
| ſheer, and form the curve F S, which will repreſent the ſheer or heighth 
of the ſide in the fore body. We may likewiſe draw a line to repreſent 
the lower part of the upper ſtrake, and one for the lower heighth of the 
breadth. The rifing line muſt alſo be formed, and the timbers ſtationed 
and diſtinguiſhed by their proper names @, &, A, B, C, D, E, F, G, H. 
Now the whole ſheer plane is compleated ; for if the line ST was drawn. 
aſunder, till the point F came to the point M, we ſhould have the whole 
length of the boat. n Voi¾'y 
The next thing to be done is to form the half breadth line; for which: 
WE the perpendiculars T P, 9, 8, &c. muſt be produced. Then, 
from the point where the perpendicular & M interſects the line K L, ſer 
off the half breadth: Set off alſo the half breadth at the tranſom, from 
the line K L, and form the half breadth line BS. In like manner ſet off 
the half breadth, from the point where the perpendicular F interſects 
the line KL, and form the half breadth line RX, according to the defign- 


ed round of the harpin. 


Me may now proceed to form the timbers in the body plane: Where, 
let A B be the breadth moulded at S. Erect the perpendicular C D in the 
middlé uf the line A B; and parallel to C D draw the lines = 27, the Half 
. ee the poſt, and xy the half thickneſs of the ſtem. Then take 
"off the ara e. the perpendiculars'®, r, 2, &c. intercepted be- 
"twixt the upper edge of the keel, and the rifing line in the ſheer plane; 
"and ſet them up from C upon the line © D. _ Thro' theſe points draw 
lines parallel to A C; take off alſo the ſeveral lower heighths of breadth. 
at G i, 2, Ge. from the ſheer plane ſet them alſo up from C upon the 
middle line Ag plane, and draw lipes parallel to A C thro? theſe 
points: Then take off the ſeveral alf betadths cofreſponding to each, 

tro the floor plane; and ſet them off on their proper half breadth lines, 


from the middle line in the body plane. 
Me muſt in the next place form the midſhip timber, either by two, 
| of three keeps, or fome other colitrivance which miſt be deff entirely tb 
the fancy and judgment of the àrtiſt: If he uſes three ſweeps, a proper 
center of each muſt be found. That of the under breadth" muſt always: 
be in the breadth line, as in this caſe at 4. The center of the floor fes 
 ſuppote at , muſt be fo, that when it is deſcribed,” the back of the'fweep. 
may juſt touch the riſing line. Theſe two centers being found, and the 
miele deſcribed, we may with certainty find the center of thereconcil- 
ing ſweep, Provided the radius be known, thus: Set off the given radi- 
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us upon any ſtrait line, as from A upon the baſe line to R; then take the 
radius of the lower breadth ſweep, which ſet off from A to 4; take al- 
ſo the radius of the floor ſweep, and ſet off from A to c: Then with the 
radius a R, from the center of the under breadth ſweep, deſcribe an arch; 
and with the radius c R, from the center of the floor ſweep, deſcribe a- 
nother arch to interſe& the former in , which will be the center of the 
reconciling ſweep: For if with the radius A R, from the center , we 
deſcribe an arch, it will juſt touch the under breadth, and floor ſweeps 
in the points f and s. A line drawn from 7 tot will paſs through the 
center of the underbreadth ſweep, and a line drawn from 7 tos will paſs 
through the center of the floor ſweep; ſo that it will be impoſſible for 
the reconciling to interſect either of the other two arches. The curve 
part of the timber being formed, a ſtrait line muſt be drawn from the 
tide of the keel to touch the back of the floor ſweep; for which purpoſe 
the half breadth of the keel muſt be ſet off on each ſide of the point C, 
upon the baſe line. The form of the midſhip frame being determined, 
will in ſome meaſure determine the form of the reſt. For: if a mould 
be made on any fide of the middle line to fit the curve part of it, and 
the riſing line, as that marked Bend Mould, and laid in ſuch a manner that 
the lower part of it, which is ſtrait, may be ſet upon the ſeveral riſing 


lines, and the upper part juſt touch the point of the half breadth in the 
breadth line correſponding to that riſing upon which the mould is placed; 


a curve may then be drawn by the mould to the riſing line. In this 
manner we may proceed ſo far as the riſing line is parallel to the lower 
beighth of the breadth line. Then a hollow mould muſt be made, the 
upper end of which is left ſtrait, as that marked Hollow Mould. This is 


applied in ſuch a manner, that ſome part of the hollow may touch the fide 
of the keel, and the ftrait part touch the back of the curve before deſcrib- 


. 


ed by the bend mould; and, beginning abaft, the ſtrait part will always 


come lower on every, timber till we come. to the midſhip timber, where 
it comes to the fide of the keel. Having thus formed the timbers, ſo far 


as the whole moulding will ferve ; the timbers abaft them are next form- 


ed, Their half breadths are determined by the ſheer and floor planes, 
hich is the only fixed point thro 58 the curve of theſ 

paſs. Some form theſe after timbers before the whole is moulded, and 
then make the hollow mould, which will be ſtraiter than the hollow of 

either of theſe timbers. It is indifferent which are firſt formed, or what 
methods are uſed; for after the timbers are all formed, tho every timber 


ch the curve of theſe timbers, muſt 


may appear very fair, when conſidered by itſelf, it is uncertain what the 
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of the fide ill be. In order to find which, we mult form ſeveral rib- 
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band 
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band and water lines; and if theſe do not make fair curves, they muſt be 
rectified, and the timbers formed from theſe ribband and water lines. In 
uſing the hollow mould, when it is applied to the curve of each timber, 
if the ſtrait part is produced to the middle line, we ſhall have as many 
points of interſection as there are timbers: And if the heighths above 
the baſe be transferred to the correſponding timbers in the ſheer plane, a 

curve paſting thro? theſe points is what is called a rifing ſtrait. This may 
be formed by fixing a point. for the aftermoſt timber that is whole mould- 
ed, and transferring that heighth to the ſheer plane. The curve mult 
paſs thro' this point, and fall in with the riſing line, ſomewhere abaft 
®: And if the ſeveral heighths of this line be transferred from the ſheer, 


to the middle line on the body plane; theſe points will regulate what is 

called the hawling down of the hollow — The timbers being thus 
formed, and proved by ribband and water lines; we may then form the 
tranſom. This may be done either by ribband or water lines. Here it 
is by water lines, of which there are three, formed in the following 
a x 
I. Draw three lines in the body plane parallel to the baſe : Theſe 
are called level lines, and may be equally ſpaced betwixt the tuck, and 
heighth of the ſheer, taken upon a perpendicular to the keel. They 
may be likewiſe drawn on the ſheer plane at the ſame heighths, ſo they 
will be parallel to the keel. They are diſtinguiſhed by 1/þ. 2d. and zd. W. 
.. 2dly, To form them on the floor plane. Take the diſtance betwixt 
the middle line in the body plane, and the. ſeveral interſections of the le- 
vel lines with the timbers: Transfer theſe to the correſponding timbers 
in the flaor plane, which will give the points thro' which the curves will 
pals : So the portion of the firſt level line in the body plane, intercepted 
berwixt the middle line and timber 9, will be equal to the diſtance taken 
upon the perpendicular in the floor plane, drawn. from the point 9, to in- 
terſect the curve of the firſt water line. The like may be ſaid of all the 


The water lines being thus formed; the next thing to be determined, 
is the round aft of the tranſom, if any; if none, produce the line Tp - 
to b, then will K 4 be the half breadth of the e at the heighth of 
the ſheer: So the heighth y T in the ſheer; plane, muſt be transferred to 
the middle line in the body plane. Thro' this point a line K i, muſt he drawh 
parallel to the baſe A C, upon which the half breadth K 5 being ſet off, 
we ſhall have one point thro'., which the curve muſt. paſs. In ke man- 
ner there muſt be perpendiculars: let fall from the ſeveral interſections of 
the water lines, and aft ſide of the poſt, in the ſheer plane, and pete 


bu 


— 
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ced to interſe& their correſponding water lines in the floor plane; which 
will give their half breadths. Theſe again being transferred to their cor- 
reſponding level lines in the body plane, we ſhall have the points through 
which the curve of the tranſom muſt paſs; obſerving at the tuck to ſet 
off the half half breadth of the poſt 3 of the depth of the rabbet may be de- 
ducted out of it. The tranſom being thus formed, it is plain it will be 
too hort, by reaſon of the raking of the poſt ; We muſt therefore take 
the heighth- of the tranſom upon the rake, which will be the line p T 


in the ſheer plane; and ſet up this on the middle line in the body plane. 


In like manner we muſt ſet up on the middle line in the wr plane, the 
ſeveral diſtances of the water lines, from the point p in the ſheer plane; 
and thro' theſe points, draw the ſeveral dotted lines, upon which muſt be 


ſet off the half breadths as before: Then a curve paſſing thro' theſe 


points, will give the true form and dimenſions of the tranſom, as is ex- 
preſſed by the dotted curve. ones 85 . 


If the tranſom is to round aft, as the curve K » G on the floor plane, 
it may be formed aſter the ſame manner without regarding the round ; 
and after it is properly trimmed the round may be worked out: But as 


this will require very thick plank ; in Tuch cafes it will be proper to make 


vic of a faſhion piece, and wing tranfom : This faſhion piece will be 


ſo the ſame operation will ſerve for both, © — | C 

Now the taſhion' pieces being always ſided trait, their planes will in- 
terſect the ſheer and floor planes in a ſtrait line. In this eaſe, it will be 
in the line & g on the flobr plane, which touches the tranſom in the point 
1 Gn being ſuppoſed the thiekeſs of the faſhion piece. Having thus 


formed in the fame manner as that for a ſhip which has a ſquare tuck, 


determined its direction on the flobf plane, this will likewife determine 


* 


ins directen on the [heer plane. If the tranſom bad no round, only what 


is called a flight or rifing'like a floor timber, the plane of the faſhion piece 


would interfect⸗thè ſheer plane in the rabbet of the ſtern poſt; and the 


floor plane in a ſtrait line drawn from G to K. But here it is ſuppoſed to 
be in the line Gg, which will throw the head of the faſhion piece aft to 
Won the ſheer plane; the point where a perpendicular erected en 
interſects the ſheer line or breadth line produced. Now ebeing th 


Heghth ol the tuck, ehe lige & W will be that in which the faſhion piece, 


Having thus found the interſection of the plane of the faſhion piece 
both on the ſheer and floor planes, it is evident it will rake aft and cant 
forward; fo the true dimenſions and form of it may be found by Prob. 
5. Chap. T. in the following m anne. 


* 1225 V. Pro- 


Antercepted betwixt the ane f * 


\ 


4 ** 
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to the floor plane: Thus, fix one foot of the compaſſes in the point where 
the diagonal interſects the middle line in the body plane; extend the o- 
ther foot to the point where the diagonal interſects the timber, ſuppoſe 
timber q; ſet off the fame extent upon the perpendicular repreſenting the 
plane of timber 9, from the point where it inter fects the line K L, on 
the floor plane; do the ſame by all the other timbers both in the fore 
and after body ; and we ſhall have the points thro' which the curve muſt 
paſs. And if this ſhould not prove a fair curve, it muſt be altered, ob- 
fer ving to conform to the points as nearly as the nature of the curve will 
admit: So it may be carried within one point, and without another, ac- 
cording as we find the timbers will allow : For after all the ribband lines 
are formed, the timbers muſt, if needful, be altered by the ribband lines, 
this is only the reverſe of forming the ribband lines; for taking the 
portions of the ſeveral perpendiculars intercepted betwixt the line K L, 
and the curve of the ribband line in the floor plane, and ſetting them off 
upon the diagonal, from the point where it interfects the middle line, 
we ſhall have the- points in the diagonal, thro" which the curves of the 
timbers muſt paſs : So the diſtance betwixt the line K L, and the ribband 
at timber 3 on the floor plane, when transferred to the body plane, will 
extend on the diagonal, from the middle line, to the point where the 
curve of timber 3 interſects that diagonal. The like may be ſaid of all 
the other timbers; and if ſeveral ribband lines be formed, they may be 
ſo contrived, that their diagonals in the body plane ſhall be at ſuch di- 
ſtances, that a point for every timber being given in each diagonal, will 


” 


= be ſufficient to determine the form of all the timbers. 5 . 
—_ - Ina ſtationing the timbers upon the keel, for a boat, there muſt be rooni 
_ for two futtocks in the ſpace before; or abaft ; for which reaſon,” the 
diſtance betwixt thoſe two timbers will be as much more, than that be- 
twixt the other, as the timber is broad. Here it is betwixt q and D; 


which contains the diſtance betwixt © and O, and the breadth of che 
4 timber beſides. 8 8 fn he 41k 

3 This method of whole moulding will not anſwer for the long timbers 

_ | afore and abaft: They are generally canted in the ſame manner as thoſe 
= for a ſhip, of which we ſhall treat in their proper place; and here ſhew 


in what manner the timbers are moulded after they are laid down in the 
mould loft, by a rifing ſquare, bend, and hollow mould. | 
=—_ - - It was ſhewn before how to form the timbers by the bend and hollow 
3 | moulds, on the draught. The fame method muſt be uſed in the loft, 
but the moulds muft be made to their proper ſcantlings in real feet and 
inches. Now when they are ſet, as before directed, for moulding each 
„ 85 „„ - timber, 
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timber; let the middle line in the body plane be drawn acrofs the bend 
mould, and draw a line acroſs the hollow mould at the point where it 
touches the upper edge of the keel; and let them be marked with the pro- 
per name of the timber, as in the figure (Plate 5.) : So the graduations of 
the bend mould will be exactly the ſame as the narrowing of the breadth ; 
for the diſtance betwixt ꝙ and 7, on the bend mould, is equal to the 
difference betwixt the half breadth of timber 7, and that of S. The 
heighth of the head of each timber is likewiſe marked on the bend mould, 
and alſo the floor and breadth firmarks. The floor firmark is in that point 
where a ſtrait edged batten touches the back of the bend mould, the 
batten being ſo placed as to touch the lower edge of the keel at the ſame 
time. The ſeveral rifings of the floor, and heighth of the cutting down 
line, are marked on the riſing ſquare, and the half breadth of the keel 
ſet off from the ſide of it, as in the figure, 
| Note, The cutting down is omitted in the plate to avoid confuſion. . 
The moulds being thus prepared, let it be required by them to mould 
e e,, | 1 B acc 
: The tiber being firſt properly ſided to its breadth, lay the bend mould 
upon it, ſo as may beſt anſwer the round according to the grain of the 
| wood: Then lay the riſing ſquare to the bottom of the bend mould; ſo 
that the line drawn acroſs the bend mould at timber 7, may coincide _ 
with the line repreſenting the middle of the keel upon the riſing ſquare; 
and draw a line upon the timber by the fide of the ſquare, or let the line 
be ſcored, or cut by a tool made for that purpoſe, called a raſeing knife. 
'Fhe term raſeing is uſed when any line is drawn by ſuch an inſtrument in- 
ſtead of a pencil. This line fo raſed will be the ſide of the keel. Then 
the ſquare muſt be moved till the ſide of it comes to 7 on the bend mould, 
and another line muſt be raſed in by the fide of it, to repreſent the middle 
of the keel. The other ſide of the keel muſt likewiſe be raſed after the 
fame manner, and the point 7 on the rifing fquare be marked on each 
fide of the keel, and a line raſed acroſs at theſe points, to repreſent the 
upper edge of the keel. From this line the heighth of the cutting down 
line at 7 muſt be ſet up, and then the riſing ſquare may be taken away, 
and the timber may be raſed by the bend mould, both inſide and outſide, 
from the head to the floor firmark : Or it may be carried lower if needful. 
Aſter the ſirmarks, and head of the timber are marked, the bend mould may 
"likewiſe be taken away; and then the hollow mould applied to the back 
of the ſweep in ſuch a manner, that the point 7 upon it may interſect the 
upper ſide of the keel, before ſet off by the riſing ſquare: And when in 
this poſition, the timber may be raſed by it, which will compleat the out- 


ns 
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fide of the timbers. The ãnſide of the timbers may likewiſe be formed by 
the hollow mould. The ſcantling at the keel is given by the cutting On 
before {et off. The mould mult be ſo placed, as to touch the ey 


the infide of the timber formed before by the bend mould, and a t 


the cutting down point. 
The uſe of the firmarks, is 1 find the true places of the . for 


as they are cut off 3 or 4 inches ſhort of the keel; they muſt be ſo placed, 
that the futtock and floor ſirmarks may compare, or coincide: Notwith- 


| ſtanding which, if the timbers are not very carefully trimmed, the head 
of the futtock may be cither within or without its proper half breadth ; 


to prevent which a half breadth ſtaff is made uſe of. | 
The half breadth ſtaff may be one inch ſquare, and of any convenient 


length. Upon one fide of it are ſet off, from one end, the ſeveral half 


breadths of all the timbers in the after body ; and thoſe of the fore body 
upon the oppoſite fide.” On the other two ſides are ſet off the ſeveral 
heighths of the ſheer , the after body on one ſide, and the fore body on 
its oppoſite. Two ſides of the ſtaff are marked half breadths, and the Or 


ther two ſides, heighth of the ſheer, as in the figure. (Plate 5.) 


The ſtaff being thus prepared, and the floor timbers faſtened on the 
keel, and levelled acroſs; the futtocks muſt next be faſtened to the floor 
timbers; but they muſt be {et firſt to their proper half breadth and heighth: 
The half breadth ſtaff, ſerves to ſet them to the half breadth ; for which 
purpoſe a ſmall line, called a ram line, is ſtretched from the middle line of 
the ſtem, to that of the tranſom or poſt; to which a plummet is hung by 
a line, ſo tied round the ram line, that it may ſlip eaſily along upon it, 
and may be moved to the plane of any timber, and as the e plummet 


will oocaſion this line to be always perpendicular to the keel, which in a 


boat is generally parallel to the —— of the horizon: We may, by it, 
likewiſe ſet the timbers perpendicular to the keel, and then ſet them = . 
their proper half breadth by the ſtaff; and when the two ſirmarks caincide, 
the futtock will be at its proper heighth, and may he nailed to the 
timbers, and likewiſe to the breadth ribband; which may be {et to 10 


Beighek of the ſheer by à level laid-dctoſs, taking the heighth.of the ſheer 


by the ſtaff from the upper ſide of the keel; by which. means we ſhall | 
diſover if the ribband is exactly the heighth of the ſheer; and if not, | 


the true heighth may be ſet off by a pair of compaſſes from the level, and 


marked on the timbers. The next thing to be explained, is the conſtruc- 
tion and uſe of the bevelling board; but we ſhall firſt ſhew howto form 
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Of forming the Body by Sweeps / Plate 7 35 


T5 hips of war the 8 Jimenfions are eſtabliſhed by the authorky 
of thoſe appointed by the government for that purpoſe, which I have 
collected into a table, together with the principal dimenſions on tie for 
the merchant ſervice, to which we refer our readers. q 
The ſheer and floor planes are laid down 1 in this, exaRty i in 5 YL 
manner as in that of whole moulding. We may have a ſufficlent number 
of points from the tables, to determine the heighths of the breadth, and 
half breadth lines. A riſing of the floor line muſt likewiſe be formed on 
the ſheer draught. We may then go to the body plane, and form the mid- 
- ſhip bend or frame timber; the limits of which, we have from the ſheer 
and floor planes, and it muſt be formed in the ſame manner as before di- 
rected in whole moulding, either by two, three, or more ſweeps, as the 
artiſt ſhall think moſt ſuitable to the ſervice the ſhip i is deſigned for. The 
lower, upper, and top timber beighthsof breadth, and riſings of the floor, 
are ſet up on the middle line in the body plane, as in whole moulding, 
and lines drawn thro”. thefe points parallel to the baſe upon which the half 
breadths are ſet off. A mould may then be made for the widſhip frame 
as before, and laid upon the ſeveral riſings in the ſame manner as in whole 
moulding, with this difference; that here an under breadth ſweep is de- 
ſcribed to paſs thro; the point which limits the half breadth of the timber; 
the center of which will be in the breadth line of that timber. The pro- 
Y 2 centers for all the frames being found, and the arches deſcribed,” the 
nd mould muſt be ſo placed on the riſing line of the floor, that the 
back of it may touch the back of the under breadth ſweep. But the ge- 


neral practice is to deſcribe all the floor ſweeps with compaſſes as well as - 4 
the under. breadth ſweeps, and to reconcile theſe two by a mould which — 
is an arch of a circle; its radius being the ſame with · that of the recon-- 4 — 4 


eiling ſweep, by which: the midſhip frame was formed. It is uſual t 
all the floor ſweeps to be of one radius; and in order to find their centers, 
a line is formed on the floor plane for the half breadth of the floor: This, 
as was before obſerved, is only an e one; for it cannot be de- 
ſcribed on the ſurface of the ſhip: Inſtead of it, ſome make uſe df a dia- 

en Phan, ede a ron e the floor hag every 

line, perpendliculars at vera 
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ſame manner as for the midſhi 5 frame, as in the drau 10 where it is 
very plain the floor ſweep conſtitutes no part of the a ter timbers abaft 


the ſquare body. 


Alter the ſweeps are all aeſczibed, we muſt have recou rſe to moulds, or 

| er ſuch contrivance, to form the Hollow of the timbers, much in the 
fame manner as in whole moulding ; and when we have thus formed all 

the timbers, they muſt be proved by ribband and water lines, as before 

directed; and altered, if needful, to make theſe lines fair. Hence it is 


obvious, that the form of the ribband lines muſt be determined, before 
we can with certainty have the true form of the timbers. But there will 


be a neceſſity of determining, at leaſt, the form of three timbers, viz. 


the midſhip, foremoſt, and aftermoſt, before we can form a ribband line. 
Theſe will o give three points, thro' which the curve of each ribband 
muſt paſs. The points in the intermediate timbers may be found by form- 
ing timbers as before directed; and by repeated trials, altering them till 
they make fair ribbands; for it is by them that the whole ſtructure is 
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denotes the heighth, and A the rake of the counters, both taken from the 


wing tranſom ; S* is the rake of the ſtern timber, which is likewiſe taken 


from the wing tranſom at the heighth of the ſheer rail. | 

III. Has eight. diviſions, viz. d*F,u'S.R 8, &, 3, 5,7, 8: It * 
marked at the end LHB, for the heighth of the lower breadth line for 
five timbers: di F, is for the diſtance betwixt the frames, and R t s, for the 
diſtance betwixt the lower breadth line, and the dead riſing | in the body 
plane: w'S. is the radius of the upper breadth ſweep, 

TV. Is in two parts. The innermoſt has four diviſions, VIS, 7, 5. 30 
S, expreſſing the points where theſe timbers interſect the ſecond diagonal 
in the body plane: It is marked at the end 2 R for the ſecond ribband. 

The outermoſt part has ſix diviſions, viz. ®, 3, 5, 7, 8, WT, and 


marked at the end U H B for the heighth of the _—_ breadth line at five 


timbers, and at the wing tranſom denoted by W T. 
V. Is likewiſe in two parts. The innermoſt has four diviſions, viz. 
77 5, 3, ®, expreſſing the points where theſe timbers — _ t 
iagonal ; It is marked 14 R for the firſt ribbanld. 
The outermoſt part has eight diviſions, vi. T, 8, 75 55 35 ®, k L 


and then marked M Bi, for the main half breadth of five timbers; T 


for that at the wing tranſom, and E I for the half breadth of the keel in 
Aa 3 without which there. is another diviſion marked 3* di for the 


third diagonal. LH, 
00 Has four dieifons, v. 7 's, 3. ©; 3 for the alas bade Mace 


timbers interſect the third diagonal, it is marked 3d R, denoting the third 


ribband ; without which, there 1 is another diviſion marked 2d d for the 
ſecond diagonal. | 8 
VII. Has five diviſions, viz. 7 2 555 f 8. BF. S0 
half breadth of the floor: The other the points where thoſe 
timbers interſect the fourth diagonal: It is marked 4* R, denotin 
fourth ribband; without which there 1 is another divifion for the x 
the oft marked REP. 
The 5 of the gumsddeck is 5 No IV and v. 'GD 6 ® \for 
that in midſhips, and G D a for that at the poſt. . is like wile ano 
Fm diviſion betwixt N 9 T and IT for the fourth diagonal: It is marked 


+ 4* d % which: muſt be doubled, becauſe the WP. of he Jes a 


mA” contain the whole. 
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233 riſing UI ; 4 VII 
ü wer] 1 Yo vv 
Half breadth top timber 2 VI 
18 VII bases. 8 V 
7 Ebunter ad ſtern timber. e 1 4 2 Yetwixt I and IT 
and rake LD : Diſtance betwixt the frames. | HE 
22 2 = hope 2 Ea OE | oil; 
: Me breadth ſweep - N 5 1 
3 The Lines for the Fox Borr are, 
1 BD . * Uas three diviſions, viz. H' ſtem, k denoting. the beighth of 


| the ſtem ; and its rake from timber G at the gun-deck and head. 
2 5 II. Has four divifions, biz. d, b, and theſe marked * 65 the 
1 heighth of the top timber line at theſe timbers; and again 4, b, for the 
_— | hal breadth of thoſe timbers; and the line marked' „ 
III. Has four diviſions, vi. di. F for diſtance betwixt the race! wie 
e, e, ; it is marked L H B, denoting the heighth. of the lower breadth 
line at theſe timbers. ” | 
IV. Is in two parts. The divticentiold hay four Glide ee: g. e, e, G 
for the points of interſection of thele timbers, with the ſecond nal. 
is marked 2 R, for the ſecond ribband. eb 
The outermoſt part has three-diviſions, vir, c; e, g : It is markt 
denoting the heighth'of the Upper breadth- line at hiſs timbers.” / 21 
| s Is in two parts. he innermoſt has four diviſions, bz. >” 8 . 
=_ for the points of interſection of theſe timbers, with the firſt diagonal: Tt 
= is marked 16 R for the firſt ribband. $2 
3 Wide oatermoſt part has four Adee wis.'s, ez « LH 1 K ark 


ms forthe main half breadth at theſe babe. 


5 of theſe timbers wick e "this i gona: It is N R for the thing 
_  ribband. © 
5 VII. Has four diviſions, viz. g, e, c, G, for the points of interſection 
vol theſe timbers with the fourth diagonal: It is marked 4* R, for the 
=_ fourth ribband. The ſweep of the ſtem 3 Ne III and * and 
3 tlie 9 the e betwixt I 0 \ V. 3 i g 
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Having thus deſcribed the lines, we ſhall now ſhewtheir uſe i in laying 
down a ſhip. (Plate 3.) 
The general dimenſions being determined, and a ſcale adapted to the 
draught, take the half breadth with a pair of compaſſes, and placing one 
foot in the proper point for the half breadth of , which will be found 


in Ne V. open the ſector till the other foot reaches to the ſame point in | 


the correſponding line on the other leg. 


The ſector being thus ſet, it will be indifferent whether we begin with 


the body or ſheer plane : Let it then be the ſheer. 
V. Draw the line X Z to repreſent the upper edge of the keel, and 


length of the gun deck; but it may be produced to the aſt ſide of the 


wing tranſom, and fore part of the ſtem. . 

24. Erect a 0 to the line X Z, upon Which ſt up the 

pH of the wing tranſom to W; taken from Ne IV. on the ſeQor. 
d. Take the rake of the poſt from Ne VII. on the ſector and ſet it 

FRE from the perpendicular of the wing tranſom to the point 7, 


where a perpendicular muſt be erected, which will be hs Ration of that 


timber. 
4th. Take the diftance ofthe frames from No III. on the ſeQor, and 
ſet it off from 7 to 8; and erect a perpendicular at that point for timber 
8. Draw alſo a line from 8 to the wing tranſom, to repraſens the fore 
part of the poſt. 
- off Tale the heighth and rake of both counters, allo the rake of the 
| fie timber from Ne II. The heighth of the * timber is on No 1. 
mp ED form. the counters, and u pright of the ſtern. 
Station the timbers, by taking the diſtance betwixt the e 
408 at 7 and 83; which at eight times will reach to ; and erect per- 
pendiculars at 5, 3 and S. Then for ſtationing the timbers in the fore 
body,. we muſt turn the ſector, and take the diſtance of the frames from 
Ne III. which, ſet eight times from G, Will teach to H. Erect perpen- 
Wen, at Q * H; on, Fond G ſet off the diſtance of the gun. 
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150 Z Deſcription and Uſe of the + __ 'Cnae. II. 
deck before G. It is in Ne I. on the ſector; which will reach to Z; at 
which point erect a perpendicular, and ſet off the heighth of the gun- 
deck, taken from the ſector; and from the gun- deck ſet up the heighth 
of the head of the ſtem, alſo its diſtance before G; both taken from N* I. 
We may then form the ſtem. The center of the ſweep is in the perpendi- 

- cular ot timber F, and the radius of the ſweep is upon the ſector betwixt 
Ne III and IV. which ſet up from the point F, will give the center: So 
the ſweep will juſt touch the upper edge of the keel in the point F. And 
as the ſweep will not reach to the gun deck, we muſt make uſe of a 
mould to break in fair with the back of the ſweep, Þ 

- 7th. Set up the heighths of the lower, upper, and top timber breadth 
lines upcn the perpendiculars erected for the ſtations of the ſeveral tim- 

5 mow The points correſponding to each are on their proper lines on the 

VV . ͤ 0h 0H 1 30G, 
- Having thus finiſhed the ſheer plane, we may then go to the floor 
plane; and producing all the perpendiculars for the timbers, we may up- 
en them ſet off the main, and top timber half breadths. The points cor- 
reſponding to each, are on their proper lines upon the ſector; which 
muſt be ſet off from the line W R, repreſenting the lower fide of the 
keel, and may be produced both ways, as far as ſhall be needful. We 
muſt in the next place form all the ribband lines, which are the dotted 
ones in the draught ; beginning with the fourth ribband, But it will be 
more expeditious, firſt to draw all the diagonals in the body plane. 
Let AB be the whole breadth, on the middle of which erect the per- 
pendicular K O; ſo ſhall AK, or K B, be the half breadth. Upon the 
| tine K O, ſet up the ſeveral heighths of the breadth line, taken from 
the ſheer plane, and draw lines parallel to the baſe, as directed in the 
preceding ſections; and likewiſe-ſet off the half breadths, correſpondin 
to each, taken from the floor plane. We may alſo ſet off the heigh 
and half breadth of the wing tranſom; all which may be done without 
the ſector, but we muſt have recourſe to it for the dead riſing. This 
is in Ne III. in the after body, and muſt be ſet off upon the line K O, 


»; c % 


from the lower heighth of breadth to 7. Thro' f draw the line r is, pa- 
-- rallel to the baſe, and ſet off the à breadth of the floor from i to V, and 
fttom i tos; It is upon Ne VII. on the ſector. Then taking 7 i, ſet it up 
from 5 upon the line K O, to which point draw the dotted diagonal mark- 
ed 1 RN. This regulates all the other diagonals: For if one line be 
drawn from the point of its interſection, with the middle line, to the half 
breadth of the wing tranſom; and another from the point V, its inter 
ſection with the riſing line, to the point & at the lower ay" tne Sag 
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SzcT;1V.  Setor in forming the Body, un 
' breadth, each of thee may be divided into four equal parts by the dotted 
gps RR RI a to ets bb ae als ens” 
WMote. The lines from the ends of the firſt. diagonal to the lower heighth 
of breadth, and.to the wing tranſom, were drawn only with a black lead 
Lene and wiped out after the diagonals were drawn. The diagonals 
being thus drawn, we may form the midſhip frame, for which purpoſe 
we mult find a point in each diagonal, thro which the curve of the tim- 
ber muſt paſs. Theſe points we have from the ſector; which mult be ſet 
off from the interſections of the diagonals with the line K O. That in 
the firſt diagonal is in No I. The point in the ſecond diagonal, is in Ne 
VI. The point in the third diagonal, is in N V. And the point in the 
fourth diagonal, is betwixt N® I. and II. This laſt muſt be doubled, be- 
cauſe the ſector will not contain the whole length. The midſhip frame 
being formed, we muſt in the next place form the after and foremoſt 
timbers ; which the ſector does, by giving the diſtance on every diagonal 
þetwixt theſe timbers, and the midſhip frame now formed: 80 that wi 
mall have a point in each diagonal, thro' which the curye of the timber 
muſt paſs. To find the point in the firſt diagonal for the after timber; ex- 
tend os ® 1*R in Nꝰ V, to the correſponding point on the other leg. 
Set off this diſtance. from @ on the firſt diagonal: Do the ſame upon the 
' ſecond, third and fourth diagonals. * The point on the ſecond diagonal, is 
in Ne IV. That on the third, in Ne VI. And that an the fourth in No 
VII. The curve muſt pals thro' theſe points, and likewiſe thro' the point 
for the half breadth, which was before ſet off from the ſheer and floor 
planes; by which means we have determined the form of the after tim- 
ber; and the foremoſt timber is to be formed; by the ame method. Theſe 
two timbers being formed, we may find points in the diagonals for all; the 
intermediate timbers. ., Thus, to find the point for timber 3 in the firſt 
diagonal; extend from the point 3 in the inner part of the line No V. to its 
gb N16 66et point on the other leg. Set off this in the firſt diagonal from - 
the after timber, already formed ; which will give the point thro* which 153 
timber 3 muſt paſs; and to find the point in the ſecond diagonal, we muſt 
extend from 3 in the inner part of the line No IV. and ſet off this diſtance 
in the ſecond diagonal from the after timber. The ſame method muſt 
be uſed to find the points in the third and fourth diagonals. In like man- 
ner we may find a point in each diagonal for the timpetz g and 7, Which 
will be ſufficient for the aſter body: And the ſame proceſs muſt be uſed 
| ta ſind ende each diagonal for the timbers in the fore bod ß. 
r r F . ERS © 7 
© Having now found the points, before we form the timbers, it may be 
Proper, by them, to form the Tibbands : For now we may take the diflance 
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of each point in the diag onal, from its interſection with the middle line 


K O, and transfer it to the foor plane upon the erpendiculars that repre- 
ſent the lanes of the timbers, as directed in bees 2. In order to limit 
the ends of the ribband lines in the floor plane; we muſt G off half, the 
thickneſs of the poſt, on one fide of the middle line K O, and half the 
thickneſs of the ſtem on the other ſide of i it, in the body plane ; ; firſt de- 
ducting the depth of the rabbet out of it. We muſt likewiſe determine 
the inner part of the rabbet on the ſtem, and upon the poſt in the ſheer 
plane. In the ſtem, it is generally in the middle _ betwixt the lines that 
repreſent the outſide of the rabbet. It may be alſo fo on the poſt, from 
the wing to the lower tranſom ; and from thence the line may be continued 
fair to interſect the line that repreſents the after ſide of the rabbet, at the 
upper edge of the keel; for there the DE is cut ſquare into the poſt. 
Now, it is obvious chat when the plane of any diagonal ribband is in 
r place and poſition, the line N K will be in the ſheer plane, pa- 


1 to the upper be of the keel ; and its heighth will be the ſame with - 


9 of wg $0 w wet the. diagonal interſecis the middle. line in the bo- 
dy plane. But by reaſon of its unn and of the half thickneſs of 
the ſtem and poſt; the bei, ghth of the plane 'of the ribband upon the poſt 
and ſtem, will de in the po zit where pe diagonal interſects the line that 
repreſentsthe rabbet i in t He 859 une. This then muſt be transferred fron 
the body to the ſheer } pl ane, and 72 up from the upper edge of the Vee 
upon a perpendicu ular that will interſect the line that 8 the inſide 


of the rabbet at t at Hei; Chth. This perpendicular may n into 


the floor plane; and if eat part of the diagonal intercept betwixt the 
| 5 line, and the line that repreſents, the ipfide of the rabbet, in the 
Bog Tomes be ſet off upon the e perpendicular, it will give tlie proper point 
for. the end of the. ribband line, as may be ſeen i in the plate , where all the 
ribbands are dotted lines, and they are marked 15 DR, 2 DR, Sc.. 


fourth diagonal ribband i is faſtened to the Tg l therefc fore, in end- : 


ing it on the floor plane, obſerve where iagonal interſects the wing 

tranſom i in the body e 3, the As of the, diagonal 1 betwixt 

that point and line KO ſet of j in the Apr Plar 

end of the tibband ER . 

Wote. The ſcale in the plate i is me all, that nn ta 
fide of the rabbet to limit 155 end of the ribband. * 
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The tibbands ons, thus . Fe, we may from them form all the tie | 


bers below the breadth 5 
Tbe next thing to be Jane. is to ads the top timbers, © W + 
e and half re Fw of each from Wer 1 boar 0 l; anes; 
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- Srer:1V;  Seffor in forming the Body. | 2 15 3 | 
timbers below the breadth, are carried up by a ſweep, which forms the 
lower part of the top timber. The center of this ſweep is in the upper 
heighth of the breadth. line of the timber, and may be taken from the 
ſector : It is on No III. after body. The midſhip top timber has gener- 
ally a hollow, which is left intirely to the artiſt; for ſome, eſpecially 
ſmall ſhips, Rave none. The general practice is to make 2 mould for 
this hollow, either by a ſweep, or ſome other contrivance, and produce 
it conſiderably above the bean of the top h in a ſtrait line, or 
very near one, The midſhip timber 1 is formed by. this mould, and fo 
placed, that it breaks in fair with the back 5 upper breadth ſweep. 
All the other timbers are likewiſe formed by the yy mould; ;:: obſerving 
to place it ſo that the ſtrait part of it may be 7542 to the trait part of 
the midſhip timber ; and moved up or 11 4 thi 3 till ĩt juſt 
touches the back of the upper breadth ſwee begin at the after 
timber after the mould is made for the midſh! p ane, , becauſe they think 
it eaſier kee eping the ſtrait Sh of the mould. e to this, — to the 
midſhip tim r; and by this means the nl gs is kept from wi arts 
Others again, make a mark upon the mould where the breadth line of 
the midſhip timber croſſes it; and with the ſame mould they form the af- 
ter. timber. This will accaſion. the mark that was made on the mould. 
when in midſhips pes te fall below the breadth line. of the after timber; and . 


ſo another mark is made a at the heighth of. the breadth. of the after tim- : 3 
* The next thing to he dene, is to lay che ſtrait Part of the mould Y 
ny vely trols. the breadth lines Of the top in ſuch a manner 
ay interſect the breadth line of the . midſhip timber at one of 


\eſe ce and the breadth line of the aſter lee other mark. 
Hen 38 EVEra e 1585 e Hoes a of the. timbers, are 
1 5 the in 1180 muſt be ſo ; | 
0 6 bem ing ca each (= 1 5 the proper 5 may be applied to 5 
15 1725 er breadth; 35 and the mould be tut bee ſo as juſt to touch the 
. Any of theſe oy thods yay. the wie le > bet 
LE, exlly proved by formin ming another half breadth Ine. 
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therto we have conſidered the timbers, as having their planes prey 
called 


ſquare'timbers ; and when they are all formed, we may from them form 


45 equally ſpaced at the breadth ribband: For if the poſt has a conſi- 
the breadth ribbarid, betwixt timber 8 and the wing tranſom : B 


1 


dhe timber is'that they nt nc require ſuch compaſs timber, © © 
It is uſual to begin the cant timbers from the aftermoſt floor tumber z 


to interſect the ſheer and floor planes in the point F, it muſt interſect the 

floor plane in the line FP, becauſe the point P is ſappoſed to be the N71 
of the wing tranſom. 80 the angle sF P will be its inclination to the ſheer 
plane. Tt will interſect the ſheer plane in a perpendicular, erected from the 
point F; and if the ſpace betwixt the point F, and the foremoſt cant 


* 


imber upon the keel, be divided into the fame number of equal parts, 
that the ſpace betwixt the ſame timber; and the wing tranſom upon the 
* breadth line, is divided into; this will determine the cant of all the 
timbers only by drawing lines from all points in the line W K, to the cor- 
reſponding-points in the breadth line, in the ſame manner as the lineF P, 
determines the cant of the faſhion piece, 3 


+; It would be needleſs to draw all theſe lines in the plate; the only intent 
of drawing them being to ſhew how to form the timbers by them : And 
as one method ſerves for all the cant timbers, which are ſuppoſed perpen- | 


14 


Sgc r. I. Of the CANT TTMBERS. 755 
dicular to the floor plane; it will be ſufficient to ſhew the formation of 
the faſhion piece. VVV | 8 

Before any of the cant timbers can be formed, there muſt be a ſuffici- 
ent number of water lines, or diagonal and horizontal ribband lines form- 
ed from the ſquare timbers; and when theſe are abſolutely determined, 
we may, with certainty, form all the cant timbers, either by water, or 
ribband lines. e | | FL 
If we make uſe of the diagonal ribbands, which are diſtinguiſhed by 
the dotted curves in the floor plane, we muſt form an horizontal ribband 
correſponding to each. We have only laid down one of theſe horizon- 
tals in the plate, 72. that correſponding to the third diagonal: It is mark- 
ad 3. HR. To form this ribband, fix one foot of the compaſſes in the = 

point where the third diagonal interſects the midſhip frame in the body 
plane; and extend the other foot to touch the middle line K O; ſo that 
if a line were dravvn from one foot of the compaſſes to the other, it would 
be perpendicular to the line K O: This diſtance ſet off from the line 
WK, upon the perpendicular that repreſents & in the floor plane, will 
give the point thro which the curve muſt paſs at that place. The ſame 
method muſt be uſed for finding the points on all the other timbers. 

Now, tho' the diagonal and horizontal ribbands feem to be quite dif- 
ferent curves in the plate, they will make but one line upon the timbers ; 
for the one interſects them in a direction perpendicular to the ſheer plane, 
and the other is ſo inclined as to interſect the timbers in the very ſame 
points. The horizontal one is too ſhort upon the plate, but the true length of 
It * eaſily be had by transferring to the ſheer plane, the ſeveral heighths 
at which the diagonal interſects the timbers in the body plane. By theſe 
we might form à heighth of breadth line to correſpond to this horizontal 
ribband, which is only a half breadth line; and the length of this heighth 
of breadth line may be taken by a penning batten, and all the timbers 
marked upon it. Now when the batten is applied to a ſtrait line, and 
all the timbers transferred to this line from the batten, we may erect per- 
pendiculars at each, and ſet off the ſame half breadths as before; by which 
means we may have the true length of the horizontal ribband: But as 
this will be of no manner of ſervice; we ſliall omit forming it. We on- 
ly mention it, becauſe ſeveral imagine theſe two curves to be as different 
on the ſurface of the ſhip as they are upon the draught. The horizontal 
ribband:correſponding to the firſt diagonal one, is formed to timber y, and 
marked 1* HR; but the horizontals for the ſecond and fourth diagonals 
were formed by a black- lead pencil, and oy the point in which they in- 
terſect the line FP, is in the E which is ſufficient for our * | 
e | . | | ere 
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156 Of the CANT TIMBERS. Cnar. III. 
There are likewiſe five water lines formed, four of which are repre- 
ſented by level lines in the body plane; and by lines parallel to the keel 
in the ſheer plane: Three of them repreſent the planes of the tranſoms 
in the ſheer plane, viz. D*, 14, 2* : But the plane of the third tranſom is 
perpendicular to the poſt. The lower water line is drawn parallel to the 
keel from the ſtem to the poſt, and produced into the body plans, as in 
the plate, where it is marked M N: The plane of the third tranſom in- 
terſects the timbers at different heighths, which are transferred from the 
| ſheer to the body plane, where it forms a curve, | 10 
The water lines being now drawn in the ſheer and body plane; our 
next buſineſs is to form them in the floor plane, where they will be curves. 
The points thro which the curve of the lower water line is to paſs, are 
had by transferring the ſeveral portions of the level line, intercepted be- 
twixt the line K O, and the curve of each timber, from the body plane 
to the correfponding perpendiculars in the floor plane, where it is mark- 
ed Wat L. It muſt be obſerved that the line K O, in the body plane, 
repreſents the ſeveral perpendiculars that are drawn in the ſheer plane to 
repreſent the planes of the timbers: For the ſpaces in the body plane, 
contained betwirt the line K O, and the curves of each timber, are ſo 
many different planes; and when intheir proper places, they will be pa- 
rallel to one another, if perpendicular to the ſheer and floor planes. Thus 
the plane contained betwixt the line K O, and the curve of timber , 
is (when in its proper place) ſuppote@ to be erected perpedicular to the 
| ſheer plane, in the line which repreſents the plane of ; and the like 
may be ſaid of all the reſt. The planes of the cant timbers will not be 
parallel to one another, becauſe they are differently inclined to the ſheer 
plane; but as they are perpendicular to the floor plane, they will inter- 
{e& the ſheer plane in a line perpendicular to the keel: So the plane of 
the faſhion piece interſects the ſheer plane in the detted perpendicular. e- 
rected fromthe point F, which is the ſame with the line K O, in the 
body plane. We thought it neceſſary to take notice of this, becauſe ſome = 
who are learning to draw, miſtake the line K O; for they imagine it on- 
Another error which they frequently fall into, is about forming the 
water lines when their planes are not parallel to the keel. They imagine 
that the half breadths muſt be ſet off from the line W K, which repre- 
ſents the lower edge of the keel; whereas it is indifferent what ſtrait line 
they are {et off from, fo the timbers be exactly fpaced, and perpendicu- 
lars drawn to repreſent their planes. Now when the water lines are ſup- 
poſed parallel to the keel, all the timbers are properly ſpaced, and the per- 
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Srer. J. Of the CANT TIMBERS. 157 
pendiculars ready drawn to the line WK; which is the reaſon it is uſed 
in ſuch caſes: Tho“ when the plane is in its true place; the line W K. 
will be in the line MN. But the caſe will be quite different when the 
water lines are not parallel to the keel; for then their planes will inter- 
ſect the ſheer plane in a ſtrait line, forming oblique angles with the planes 
of the timbers; this is the caſe in the plane of the third tranſom. The 
diſtances betwixt the timbers will be more in this line than in the line 
WK; ſo the half breadths cannot be ſet off from the line W K, upon 
the perpendiculars that repreſent the planes of the timbers unleſs they be 
properly ſpaced at the ſame diſtance they are upon the line that repreſents 
the plane of the third tranſom. in the ſheer plane; upon which account 
we have made uſe of that line to ſet off the half breadths from, and drawn 
the dotted perpendiculars at the points where it interſects the planes of 
the timbers 8, 7, and at the point where it interſects the lower heighth 
of breadth line. The heighths of the points of interſection are transfer- 
red from the ſheer to the body plane; and the half breadths at theſe 
heighths, transferred from the body plane to the dotted perpendiculars 
before drawn: The half. breadth to be ſet off upon the perpendicular 
where it interſects the lower heiglith of breadth line, is had from the floor 
lane, and the dotted perpendicular @ 4, will ſhew the place where the 
Pal breadth muſt be taken ; This perpendicular, if produced, will inter- 
ſect the plane of the third tranſom, in the lower heighth of breadth. | 
Having now formed four diagolf@lribbands * their correſpondinmg 
horizontals, and alſo two water lines; we may by theſe, form the faſhion 
piece, either upon the body plane or ſheer plane: But as the plane of 
the faſhion piece is parallel to neither of theſe, it will require two ope: 
rat ions. og Yn hc] | 
Now the line F P, will interſe& all the ribband and water lines; but 
becauſe the diagonal ribbands are not in their proper poſition, the line FP 
will not interſect them in the point where plane of the faſhion piece 
interſects them. The firſt thing then to be done, is to find the true place 
of the faſhion piece on each diagonal ribband: And firſt, to find its place 
upon the fourth diagonal ribband. From the pou t, where the fourth ho- 
rizontal ribband interſects the line F P, let fall a perpendicular to the point 
s, and produce it to interſect the diagonal ribband in 7; fo ſhall 7 be the 
true place of the faſhion piece upon that ribband; that part of the per- 
endicular betwixt ? and's is not drawn in the plate to avoid the confu- 
3 many lines. The reaſon of this will be very evident, if we 
ſuppoſe the whole plane of the ribband to be turned round upon the axis 
Wk, for then the point r will always be right over ſome point of the 
1 | LEE >: | Perpen· 
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perpendicular ts; and when the ribband is in its proper inclination, a 
perpendicular from 7 will fall into the point , and the plane of the faſhion 
piece will interſect the floor plane in the line ? P, and the plane of the 
diagonal ribband in a ſtrait line drawn from r to F: For it muſt be ob- 
ſerved that when the ribband is in its proper place, the line WK will be 
in the ſheer plane, in a line parallel to the keel; the heighth of which 
may be had from the body plane. In this caſe it will be the diſtance be- 
twixt K and 7, but it will be needlefs to draw this line in the plate. 
- Having now found the place of the fathion piece on the fourth diagonal 
ribband, we muſt by the ſame method find its place on the other diago- 
nals, as in the plate, where lines perpendicular to W K, are drawn to the 
points , b, o, inthe diagonal ribbands, from the points where the line FP 
interſects the correſponding horizontal ribbands. e 
Theſe points being now found, we may take the neareſt diſtance of 
| each point to the line W K, and fet off thoſe diſtances on the proper diago- 
nals in the body plane. Thus, for the fourth ribband, place one foot of the 
compaſſes in the point 7, and the other in the point s in the floor plane; 
and ſet off that diſtance from 7 to 8, on the fourth diagonal in the body 
plane: Do the ſame by all the reſt of the diagonals; and a curve inter- 
ſecting the diagonals in theſe points would be the projection of the faſhion 
piece in the body plane, but we have not drawn this in the plate; for as 


the plane of the faſhion piece is not parallel to that of the body plane, 


its projection will be tefs than the original: However this may be found 
by Prob. 6. Chap. 1. Part 2. by the following methooe. 
Tf. Draw a perpendicular to the line K O, in the body plane, to paſs 
thro' the point 8 to F. e AnoT ei id Phan 

2d. Take the diſtance from 7 to F, in the floor plane, and ſet it off 
from 7 to F, in the body plane. In like manner draw perpendiculars to 
the line K O, in the body plane, thro the points before found on the diago- 
nals, as in the plate, where only that part of the perpendicular is drawn 
which lies without the diagonal; and take the feveral diſtances betwixt 
the points» and F, in the floor plane, and ſet them off from the'interſec- 
tions of their correſponding diagonals, with the line K O, to the points 
o, o, in the body plane: So we have the points e, o, F, thro* which the 


q : * 7 
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curve mpſt paſs. *' 1 9H LOT 95 
3a. To find the point P in the body plane, thro' which the curve muſt 
paſs; transfer the point P in the floor plane, to the point P, in the 
ſheer plane, by a perpendicular to the line W K, to interſe& the heighth 
of breadth line in the point P; and ſet off this heighth upen the line 
K O, in the body plane, which will be a little above W, the heighth of 
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the wing tranſom : Draw a perpendicular at this point, to the line K O; 
take the line F P, in the floor plane, and ſet it off upon this perpendi- 
cular, from the line K O, to the point P: So ſhall the curve P F oo, be 
the form of the faſhion piece. EE TO on ” = 
> Theſe points may all be found without the diagonal ribbands, by half 
breadth lines and water lines, formed on the floor plane, as for inſtance : - 
To find the point F ; place one foot of the com 2 inf, the point where 
the horizontal ribband interſects the plane of the faſhion piece, and the 
other in 6; #5 being perpendicular to WK: With that extent, move the 
compaſſes with one point in the line K O, and the other point perpendi- 
cular to it, till it interſect the fourth diagonal, in the point 8; thro' which 
draw the perpendicular ? F. Then take the diſtance from F to F, in the 
floor plane, which ſet off from ? to F, in the body plane; ſo ſhall F 
be the point required, as before: In like manner the points o, o, may be 
found ; But this, as well as the other method, requires two operations; 
whereas, if ſeveral water lines were formed, with their planes parallel to 
the keel, we might find the points by one operation. Thus, ſuppoſe it 
was required to find a point in the level line, that repreſents the plane of 
the water line formed in the floor plane, which is marked War L. Fix 
one foot of the compaſſes in the point 7, where the line FP interſects the 
water line in the floor plane, and the other foot in the point F. Set off 
this upon the level line in the body plane, from the line K O to f, which 
will be the point required. All the other cant timbers, both in the fore 
and after body, are formed after the ſame manner as oh 1/0 piece. 


We have formed but one more in the plate, which is abaft the faſhion 
piece, to aſſiſt us in forming the tranſomaa. | 
Of d 1 N A O 


4 
—_ 


HE tranſoms are faſtened to the ſtern. poſt, in the fame manner 
I that the floor timbers are to the keel; and as the floor timbers have 
a riſing, ſo likewiſe have the tranſoms, which is called the flight z- and 
_ beſides this flight, the wing, tranſom has a, round aft, and a round up, 


both which are arbitrary: The deck tranſom has a round up, the ſame 


- with that of the beams: But in forming the tranſoms, there is no regard 


| done by the beam mould, after the 
tranſom is properly hewed the mouldin , Feen 
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In forming the tranſoms, the firſt thing to be done, is to aſſign each 
its proper place upon the poſt, and then to determine the poſition of their 
planes with reſpect to the floor plane; for their planes are always per- 
pendicular to the ſheer-plane. In the plate there are five tranſoms: Their 
upper fides upon the poſt are in the points WD, 14, 24%, and 30: The 
planes of the wing, deck, firſt and ſecond tranſoms, are ſuppoſed paral- 
lel to the floor plane, and repreſented in the ſheer plane by lines drawn 
parallel to the keel from the poſt, till they interſect the lower heighth of 
breadth line; and the plane of the third is repreſented by a line perpen- 
dicular to the poſt, as in the plate. 80 it will not be parallel to the floor 
lane. e Mt. | VVV 8 
: The heighth and poſition of the tranfoms being determined, we have no 
more to do, but to form water lines for each. That for the third we have 
already formed: The reft being ſuppoſed parallel to the floor plane, may 
be formed in the ſame manner as the water line there laid down; The 
only difficulty will be to find a ſufficient number of points to determine 
their forms; becauſe in the deck and firſt tranſoms, their planes interſe& 
the breadth ; ſo that we could only have a point in timber 8, if the 
faſhion piece and a timber abuft it, had not been formed by the rib- 
bands z but now they are formed, we may have likewiſe a point in each of 
their planes, thro' which the curves of the water lines ſhall pass. 
Me (hall begin withthe wing tranſom. Firſt determine the round aft 
which ſuppoſe the line W T, in the floor plane: Take its heighth from 
the ſheer plane, and ſet it up in the body plane from K to W, and draw 
the line WT: Then take this line W T, and ſet it off on the floor plane, 
on the line FP, which will reach to the point 2. A curve drawn thro” 
the point u, to break in fair with the breadth line, near timber 8, as in the 
plate, will interſect the line WT in T; ſo ſhall WTA, be the aft ſide of 
the wing tranſom. Next for the deck tranſom, draw a level line in the body 
plane at the point D® to timber 8. Set off this diſtance upon timber 8, in 
the floor plane, from the line W K ; which will give us a point thro' which 
the curve muſt paſs: Then take the diſtance in the level line, betwixt 
the line K O, and the curve of the faſhion piece z which ſer off from the 
point F, the line F P, in the floor plane; and this will give another 
poo ro” whieh the curve muſt paſs: Again, take the diſtance in the 
Ame level line, betwixt the the line K O, and the curve of the timber abaft 
the fathion' piece; which ſet off from the point G upon the line G g, in 


| the floor plane; and we ſhall have a third point thro' which the curve 


muſt paſs. Laſtly, let fall a perpendicular to the line W K, from the 
2 upon the poſt, and praduce it into the floor plane, upon E 
. ' : 5 | | 2 : K 
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ſet off half the thickneſs of the poſt, allowing for the rabbet, which will 
limit the after end of the water line that forms the deck tranſom, and a 
perpendicular from the point in the ſheer plane, where the water line in- 
terſects the heighth of breadth line, if it be produced on the floor plane 
to interſect the half breadth line, this will limit the fore end of the water 
line, After the ſame manner are the firſt and ſecend tranſoms formed, by 
drawing level lines in the body plane, at their heighths upon the line K G. 

Now ſome are apt to miſtake theſe level lines for the lengths of the 


tranſoms: The reaſon, as was before obſerved, is becauſe they imagine 


the line K O to be the ſtern poſt ; whereas it is the perpendicular in which 
the plane of the faſhion piece interſects the ſheer plane; and fo theſe lines 
are drawn upon the plane of the faſhion piece. | 

All that now remains, is to determine the length of each tranſom ; and 
this is done by the line FP, in the floor plane, which interſects the wing, 


deck, firſt and ſecond tranſoms, to their proper lengths. But before we | 


can find the length of the third, the plane of the faſhion piece muſt be 
projected upon the ſheer plane: Thus, take the neareſt diſtance betwaxt 
any perpendicular in the floor plane, and the point where the line F P 


interſeQs the water line; and ſet that off from the ſame — 1 <p 
ne. Now 


upon the line that repreſents the ſame water line in the ſheer | 

the curve P F will be found to be the projeGon of the aft fide of the fa- 
ſhion piece upon the ſheer plane: For the diſtance betwixt the perpen- 
dicular of timber 8, and the point ,, where the line F P interſects the 
lower water line in the floer plane, is equal to the diſtan betwixt the 


ſame perpendicular and the curve P F, taken in the line M N. The di- 


ſtance betwixt the perpendicular of timber 8, and the point where the 
Une FP interſects the ſecond water line in the floor plane, is equal to the 
diſtance betwixt the ſame perpendicular and the curve P F, taken in the 
line that repreſents the ſecond tranſom in the ſheer plane. And by the 
ſame method we find points in the lines that repreſent the deck and firſt 
tranſoms. The point P is transferred from the half breadth line in the 
floor plane, to the heighth of breadth line im the ſheer plane. The curve 
being thus drawn, will anterſe& the line that repreſeuts the plane of the 
third tranſom in the point 2: From which pointidrawthe line æ F perpen· 
dicular to the line 3. P, and produce it to the curve of the dotted water line; 
fo ſhall 3*zF, be the true form of the third tranſum; and a line drawn 
from F to P, will be the plane of the faſhion piece. It muſt be obſerved 


that the ends of the tranſoms are let into the faſhion piece; for which 
there muſt be a proper allowance left without the lengths found by the 


line FP. We have in the plate only laid down the half of each tranſom, 
ö | | | ' Thoſe 
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Thoſe who incline to lay down the whole tranſoms, may eaſily transfer. 
the halfs already deſcribed to the other fide of the line WF. wy 
Having now formed all the timbers, both ſquare and cant, in the hor 
body; we fhall proceed to the fore body. The cant timbers are laid: 
down in the ſame manner as thoſe in the-after body, by the diagonal and 
horizontal ribbands ; where the dotted line K T repreſents the plane of 
the knuckle timber, cited upon the floor plane; from whence it is tranſ- 
ferred to the body Ro; and repreſented 1 the. dotted: curve betwixt 
amber H and G. 
The hawſe pieces are ſeldom laid down in the loft; it being the gene- 
ral practice to make moulds for them after the other timbers are put up, 
and the harpins are brought about; but oy wy þe formed in the fol- 
lowing manner, 
Let PH repreſent the plane of che hawſe. piece on' the foo plane, 
hien may be produced to K T, the plane of the kfuckle timber: In 
the plate let H be ſuppoſed the heel of the hawſe piece; from which 
t erect the dotted perpendicular þ / into the ſheer plane, and draw 
the dotted level line 47, c 1, in the body plane; by which, form the 
water lines 4 J, c, in the floor plane, and draw the dotted lines a L cd, 
perpendicular to the line 4 J, in the ſheer plane; which will repreſent 
the planes of the water lines. Draw alſo the dotted perpendicular 5 /, 
to the pony: where the line þ / interſects the upper heighth of breadth 4 
line. Upon the line c in the ſheer plane, ſet off the diſtance H P, ta- 
ken from the floor plane, P being the point where the plane of the bawſe 
piece interſects the water line c/. Then take the diltance from H, to 
the point where the line HP interſects the M2 B line, and ſet it off up- 
on the line 3 to f; or, rather find the point upon the lower heighth of 
breadth line, where the hawſe piece comes to; from which draw a per- 
pendicular to the line & 1, and upon this ſet off the diftance, as before z 
Then take the diſtance from I to the point where the line H F inter- 
ſects the water line @ / in the floor plane, and (et it off upon the line @ /, 
in the ſheer plane to p. Laſtly, to find the heighth of = heel, becauſe 
we have not formed a timber at the point H, 1 — the line H P, to 
interſect the plane of the knuckle timber K T, in the floor plane, at the 
pbint : Take 7 K, with a pair of compaſles, and placing one foot in 
the curve of the- knuckle timber in the body plane; 10 as that the other 
foot touch the line K O, or rather ſet off r K from the line K O to 4 
upon the baſe line; at which point erect a perpendicular to interſect the 
curve of the knuckle timber in the point & fo ſhall & A be the heighth of 
| the heel, if the plane 2 the ha wie be produced to interſect the ng ie 
uc 
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knuckle timber: But in the plate the heel of the plane of the hawſe 
iece is ſuppoſed to be at the point H: Therefore a perpendicular muſt 
NE from the point v, into the ſheer plane, upon which ſetting up 
the heighth E &, we: ſhall have the point E. We may by the ſame me- 
thod find a point in the plane of timber H, in the ſheer plane; through 
which the curve of the hawſe piece mult paſs; and if produced to &, it 
will interſe& the perpendicular + /, in the point ; which is the heighth 
of the heel. 1 1 155 5 
Tho' the hawſe pieces are ſeldom laid down, yet by forming them on 
the ſheer plane, we ſhall thereby diſcover if there be any faults in the 
half breadth lines or water lines; For if the timbers that are formed by 
theſe lines are not fair, ſome of thoſe lines from which they are formed 
muſt certainly be the occaſion of it; which therefore muſt be rectified 
before we can find the true form of the harpins ; which is the next thing 
e And ls 17 TR Ns, 
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o form the Harpins and Rails of the Head. 


A Ache harpins are leyell'd acroſs, they will be formed by theſeQion of 
Xa plane perpendicular to the ſheer plane: But there is no neceſſity 
for theſe ſections to be parallel to the keel. In the plate we have drawn 

only a ſtrait line to repreſent the plane of the harpin above the wale. It 
is drawn from the ſtem to timber E, and marked harpin. Now in or- 
der to form the curve of this harpin, it would be proper to form timber 

F, in the body plane: Alſo to draw perpendiculars to the ſeveral points 
where the plane of the harpin interſects the planes of the timbers E, F, G 

and H, in the ſheer plane; and upon theſe to ſet off the half breadths 
correſponding to each, taken from the body plane. This would give us 
the points thro* which the curve muſt paſs, which would be a water line. 
But as this is performed exactly in the ſame manner as the water line that 
repreſents the third tranſom, we judge it unneceſſary to form it in the 

F The rails of the head are projected on the ſheer plane, according to 
their true hangings ; and in order to find their true lengths, draw the dot- 
ted line 8 T, parallel to the keel at the heighth of the rails, upon the 
bead. We muſt then determine = ſation of the cat-head upon = 
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floor plane; and likewiſe the thickneſs of the head at the rail; and let 
fall a perpendicular from the point T, where the line 8 T interſects the 
cat-head in the ſheer plane, to the point T in the floor plane; and like- 
wiſe a perpendicular from 8 in the ſheer, to S8 in the floor plane; and 
draw the line TS: 58 in the floor plane being half the thickneſs of the 
head of the figure at the rail; ſo ſhall T 8, in the floor plane, be the true 
length of the rail. Let the line T 8, in the ſheer plane, be divided into any 
number of equal parts: Suppoſe into the points x, y, 2; from which points 
draw perpendiculars to the line T 8, to be limited by the rail. Divide 
the line T 8, in the floor plane, into the ſame number of equal parts, in 
the points , y, 2. Draw perpendiculars to theſe points, and make them 
equal to the correſponding ones in the ſheer plane; ſo we ſhall have the 
points thro' which the curve of the rail muſt paſs. „ 
Me have now ſhewn different ways of forming all the timbers; where 
it muſt be obſerved that we have always ſuppoſed every timber to be one 
antire-piece of wood from the keel to the top of the fide, whereas in 
reality they are in ſeveral different pieces; the head of the lower piece 
being cut ſquare to join to the heel of the next above it: And in order 
to ſupport theſe joinings, another ſett of pieces are cut, and joined toge- 
ther in ſuch a manner, that if both the ſets were faſtened together, the 
Joinings in one ſett, would be nearly againſt the middle of the pieces in 
the other ſett. In this manner are all the frames faſtened and erected, as 
if each was one piece of wood. The pieces laid acroſs the keel, to which 
they are faſtened, are Talled floor timbers; The other pieces are called 
Futtocks, except that which goes to the top of the fide, which is called 
a top timber, Hence it is plain that the mould which ferves for the floor 
timber, will ſerve for the lower part of the correſponding futtock. The 
mould for the upper part of the firſt futtock, will be the ſame with that 
For the lower part of the ſecond; and the mould for the lower part of 
the top timber will be the ſame with that of the upper part of the cor- 
_* reſponding futtock. It is of great importance in building, |td give pro- 
Fer Kapp to the timbers; for which we refer our readery t the table of 
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N the preceeding chapters we have conſidered the timbers as plain ſur-- 
faces, without any regard to their thickneſs or breadth; whereas e- 
very timber conſiſts of two planes, and the ſpace contained betwixt them 
is the breadth of the timber. We have already ſhewn how to find the 
form of one of theſe planes, which is called the moulding fide of the tim- 
ber. The form of the other fide, which we ſhall'callthe contra fide; will 
be different from the moulding ſide, except in midſhips. Now if the 
timber be properly hewed from the moulded ſide, we ſhall have the form 
of the other ſide: This is what is called bevelling the timbers ; a term ſo- 
well known that it needs no explication. We thall only remark that the 
bevelling is the angle made by the meeting of two planes limiting a ſolid; 
the angle made by two planes is the ſame as that made by two right lines, 
one in each plane, both perpendicular to the common ſection; and as this 
angle cannot be meaſured by ſcale and compaſſes, without cutting the ſolid 
by another plane perpendicular to both; it is done by an inſtrument called 
a bevel. When the angle is a right one, the timber is ſaid to be ſquare, 
and is meaſured by an inſtrument of that name; in this caſe, if there be 
ſeveral lines drawn on one plane to meet at a point in the common ſection, 
and one line drawn on the other plane to the ſame point, perpendicular to 
the common ſection; it will form a right angle with every line on the- 
ather plane drawn to the ſame point. V 
In order to hew any piece of timber to Nan pede it will be: 
very proper firſt to make one ſide fair, and out winding; a term ufed 
to ſignify that the fide of the timber ſhould be a plane. Now if this fide 
be uppermoſt, and placed horizontally, or upon a level; it is plain if the 
timber is to be hewed ſquare, it may be done by a plummet and line; 
but if the timber is not hewed ſquare, the line will not touch both the u 
per and lower edge of the piece; or if 'a ſquare be applied to it, there 


* 


will be wood wanting either at the upper or lower ſide. This is called: 


within or without a ſquare.. When the Wood is deficient” at the under 
ſide, it is called under bevelling 3: and when it is deficient in the upper 
fide, it is called ſtanding bevelling; and this deficiency will be more or 
leſs according*to the depth of the piece; ſo that before the proper be- 
vellings of the timbers are found, it will be ſometimes very: convenient 
to aſſign the breadth of the timber; nay in moſt caſes it will beabſolutely- 


Ke 
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neceſſary, eſpecially afore and abaſt; tho' the breadth of two timbers, or 
the timber and room, which, as was before obſerved, includes the two 
timbers, and the ſpace betwixt them, may be taken without any ſenſi- 
ble error; as far as the ſquare body goes. For as one line repreſents the 
moulding ſide of two timbers, the foreſide of the one being ſuppoſed to 
unite with the aft fide of the other; the two, may be conſidered as one 
intire piece of timber, _ | Th” „ 
Notwithſtanding it is uſual in draughts to lay down only every third 
or fourth timber; yet in the loft it will be neceſſary to lay down all the 
timbers: But as our plate will not admit of this, let us ſuppoſe the line 
ag e, betwixt the timbers 5 and 7, in the floor plane, to repreſent the 
moulding fide of two timbers; and the lines 2.7 and r s. the moulding 
ſides of other two timbers. Draw the lines 6 c and 4 /, the one in the mid- 
dle betwixt ea and m2 72, and the other in the middle betwixt ea and rs; 
ſo ſhall the diſtance betwixt the lines c and , be the breadth of two 
timbers, together with the ſpace betwixt them: The -portion-b E of the 
ribband may be taken for a ftrait line, and then the angle that is made by 
the line Ic and 5 E, or the angle made by the line I and & &, will be 
the bevelling according to the ſide on which the timber is moulded; the 
one being as much ſtanding as the other is under bevelling. In order to 
find how much this is from a ſquare, draw the lines I, 2, 3, 4, perpen- 
dicular to the lines & c and æ 1; and the portions of the line e 2 intercep- 
ted betwixt the ribbands, and theſe, perpendiculars will be what the tim- 
ber is either within or without a ſquare ; fo 4 e will be that at the fourth 
ribband: And becauſe. the line e repreſents the moulding fide of both 
timbers, the timber before it will be ſtanding, and the timber, abaft it, 


5 under bevelling. Sm er ATTIC, 36 $3528 nn 3-105: 
It is very neceſſary to obſerve that the planes of the ribbands ſhould be 
LEES e planes of the timbers, which is the caſe in all the 
quare timbers :: But the planes of the cant timbers are inclined to the. 
Planes of the ribbands ; therefore their. bevelling cannot be had by the 
ribband lines in the ſame. manner as theſe of the ſquare, becauſe when 


* 


the ſtock of the bevel is 2 the mou Iding ſide of the timber, the 
tongue ofthe bevel will be out of the plane of the rib band. 
Another thing to be carefully obſerved, is in what direction the ſtock. 
of the beyel is to be laid upon the moulding fide. of the timber, This is 
found in the body plane: If we bevel by ribband lines, the diagonals 
will give the line of direction; but if the beyellings are taken by water 
hoes, . the leyel Jines in the body plane will give the direction in which, 

n | NY oo I: a on 
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in the body plane are very oblique to the curves of the timbers, if the 
bevel is not kept exactly in the ſame direction, it will occaſion a very 
great error; and only the very ſharp edge of the tongue will touch the 
timber. For this reaſon, the beſt way to take the bevellings will be, ſo 
that both ſtock and tongue may be ſquare to the timber; but this will 
alter the bevelling, and bring it likewiſe nearer to a ſquare, which is a- 


nother advantage we ſhall gain by altering the direction of the ſtock ; and 


the true bevelling may be found by the following method. 3 
Let the diſtance. betwixt timber 7 and timber 8, in the floor plane, be 


| ſuppoſed the breadth of the timber; then the perpendicular at 8 will re- 


preſent the plane of the aft ſide; and the perpendicular at 7, the plane 
of the fore {ide of the timber in the floor plane: The curve of timber 8 
in the body plane, will be the form of the aft fide; - and the curve of 
timber 7, the form of the fore ſide of the timber: So that the neareſt 
diſtance betwixt theſe two curves, will certainly be what the bevelling 


differs from a ſquare; for if the timber were ſquare, the ſame curve would 


* 


repreſent both ſides of it. 


Now if it were required to find the bevelling of this timber by the 


water line, (War L in the floor plane) it is evident it will be the angle 
8 1 u, if the moulded fide be aft; and x # will be what it is without a 
ſquare. This will be in the direction of the level line in the body plane, 


where it is x u; but x v being the neareſt diſtance bet wixt the curves ta- 
ken from the point x, that muſt be ſet off from x to v on the floor plane; 
ſo ſhall 87 v, be the true bevelling, when the bevel is ſet ſquare to the 


timber at the point v, where the ſirmark muſt be placed. But if the 
moulded ſide be forward, the angle x uz, will be the bevelling, and x z 
what it is within @ ſquare; the ſame as that which was without a ſquare 
when the moulding ſide was aft. Here x is the neareſt diſtance betwixt 


the curves, taken from the point # ; and when this is ſet off from x to 2, 


in the floor plane, the angle x 2 i, will be the true bevelling at the point 
z, in the body plane, where the ſirmark muſt be placed. This method 
will be very uſeful for the cant timbers, when they are bevelled by water 
lines, and may be done by the workman, if the bevelling is given in the 
direction of the plane of the water line, by obſerving the following di- 
rections, vrhich are in effect the ſame with theſe now preſcribe. 
2 Apply a ſquare to the bevelling board, at the point where the line 
that determines the bevelling of the timber interſects the ſide of the board; 
and the diſtance. of the other end of the line from the ſquare upon the 
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2d. If the timber has an under bevelling, take the quantity of it, found 
by the ſquare, with a pair of compaſſes, and ſet it off upon the line of 
direction, on the timber, from the point where the line interſects the 
moulded ſide, which is raſed in upon the timber: One foot of the com- 
aſſes being fixed in this point, let the other foot: reſt in a point in the 
ine of direction: From this laſt point take the neareſt diſtance to the. 


_ outſide of the timber, and mark the firmark at that place. 


34. Take the neareſt diſtance found on the timber, and ſet it off * 
the ſquare upon the ſame fide of the bevelling board, from which the 
diſtance ſet off upon the line of direction, was taken; and mark that place 
upon the board. A, line drawn from that point, to the point where the 
ſquare. was applied on the oppoſite fide of the board, will give the true. 


| 2 to be taken ſquare to the ——— Ng to ſet it to the Pro- 


ſirmark. 
If the timber has a ſtanding bevolling;. we muſt 8 a ſtrait edged 


batten to the line of direction upon the timber, upon which we muſt ſet: 


off what the bevelling i is, without a ſquare; and proche in the ſame 
manner as before. | | 

Nate, If the bevelling boand 4 is not exactly the breadth of e tienen 
the bevelling muſt be transferred from the board to two parallel lines, 
the breadth of the timber being the diſtance betwixt them. 

But if it be required to bevel the cant timbers by the diagonal x" let" 
the angle Fo b, will be that which the faſhion: piece will then make with 
the third ribband : For o being the point where the plane of the faſhion. 
piece interſects the third ribband ; a line drawn from o to F, will be that 
in which the plane of the timber interſects the plane of the ribband : 


But then as theſe planes are not perpendicular to one another, the angle 
Fb will not be the true bevelling, unleſs the bevel be ſo applied that 


the tongue may be in the direction of the ribband, and then the ſtock 
cannot lay flat upon the ſide of the timber: For which reaſon this me- 


thod will not do for practice; for the ſureſt way to take any bevelling, is 


when both the ſtock and the tongue of the bevel are ſquare to the — 
In order then to find the true bevelling upon a ſquare, the direction in 


| which the ribband interſects the timber muſt be given, as well as the an- 


gle Fo; and likewiſe the breadth of the timber: Now if theſe three 


be given, the angle upon the ſquare may- with. certainty: be found by the 
following method. 80 1 


Let the diſtance Vetwint: cha pamllel "ra AB: and E F, yes the breadth | 
of the timber; B-a the direction of the ribband; and a 5 what the be- 
Err without a 9 285 the F the E Plate 7): 
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+ Now, that we _ the eaſier 'conceive how this bevelling may be 
found, let us ſuppoſe the timber to be quite ſtrait, ſuppoſe the partition of 
the cheſt, Page 124; and firſt trimmed ſquare. Then, becauſe 2 6 is 
-what it 1s without a ſquare, it is plain there muſt be ſo much lined off the 
aft ſide of the timber; the line @ B will be the breadth of the outſide of 
the timber, in that direction before the wood is taken off; and if B D 
be made equal to Ba, and Dd equal to à &, and the angle at D a right 
one; then its plain the angle A B d, equal to the angle Fo b, will be the be 
velling, if the tongue of the bevel can be kept in the direction of the 
line Ba: But when the ſtock of the bevel is laid flat on the fide of 

the timber, the tongue will naturally be perpendicular to the plane of 
the timber, which will be in the line BF; and if F F be made equal 
and parallel to Dd; then will the angle A B , be the true bevelling 
pen e Jquare.. .. 1 5 | 


" "DEMONSTRATION. (PlaeVIL) +... 


In the right angled triangle 2F B, B F the breadth of the timber is 
given, and 4 B the common ſection of the plane of the ribband, with the 
plane of the timber; again in the right angled triangle b@ B or B D a, its 
equal, we have @ B or BD, the breadth of the timber in the direction of 
the ribband, when the timber is yet ſquare, and 5, or Dad; what the 
Pevelling is without a ſquare, ſo the angle AB D will be the bevelling. . 
But if BF were the common ſection of the ribband, and timber, then 
the line of direction would be ſquare to the timber, which does not alter 
what the bevelling is without a ſquare, ui, the line a B or Dd. 
In the right angled triangle FE F , and F B are given, hence we 
have the angle A B, the bevelling on a ſquare; but it is plain the rib- 
band will be higher on the aft than on the fore fide, when in the after 
body, and the contrary when in the fore body; therefore the heighth of 
the ribband muſt be transferred from the contra, to the moulding fide, 
which muſt be the ſirmark when the bevel is ſquare to the timber; fo 
the firſt thing to be done, is to find the heighth of the ribband, on the 
contra fide, for its heighth on the moulding ſide is given, before the tim- 
ber can be formt. i Eb n bats Age 
Before we give direction how to find this, it will be proper to obſerve, 
firſt, that tho the planes of the ſquare timbers interſect the planes of the 
ribbands in the diagonals, in the body plane, yet the cant-timbers do not, 
for the plane in ie plane of the faſhion piece, in the 
liner F, and not in the line rs, Secondly, we mult remark, ac _ 
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bers by the following method. 
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dreadth of the timbers muſt be determined, which, ſuppoſe: Fe in the 
floor plane, ſo ſhall 7 B repreſent the foreſide of the faſhion piece, on the 
floor plane, it being parallel to FP, which repreſents the aft ſide: Let 
F. e be ſquare to the point F, ſo the fore fide of the plane of the faſhion 
piece muſt be broader than the aft fide, by the length of the line Be, that 
TE what its bevelling to the ſheer plane is without a ſquare; this being 


premiſed, we may find the heighth of the third ribband, on the contra fide: 
30 the faſhion piece, and from thence find the bevelling of the cant tim 


! ö 1 


4A general Rule for bevelling the cant timbers by the ribbands ; iIluftrat= 
eu ie fallin pier. (Plate VII. 

1/f. Take Be, that is, what the foreſide of the plane of the filkion 

piece is without a ſquare; ſet this off on the perpendicular 1d, in the 


dody plane, and draw the line d d parallel to K O. 


Note. The line 4d will be in the fore body for the aſter cant timbers, 


a and in the after body for the fore cant timber. 


24. Produce the common ſections of the planes of the ribbands, an 


the aft fide of the faſhion piece, to cut the line 4d, as Fr in the plate 
CSI ITIÞ = 1036015 301,01 29% x. 9 6h ge: 


. 


34. From the point 4 draw a line parallel tor F, which will be the 


common ſection of the plane of the ribband and the plane of the foreſide 
of the faſhion piece ; uſe the ſame operations for finding the other rib- 


bands, as you lee in the plate, and call them new diagonalss. 


b. Find points in thefe new diagonals thro” which the curve of ano- 


” * 


"ther cant timber would paſs,-this would be the fore fide of the. faſhion 
piece, obſerving that the lines taken from the floor plane, muſt. be ſet 
off from the Une 22, and not from the line K O, the diſtance of theſe 


points from the curve of the aft ſide of the fathion piece, will be what 


* 


the bevellings is, within or without the ſquare. In applyipg the bevel 

the ſtock muſt be laid on the new dea e, 1 e ee 
to the timber, take the neareſt diſtance to the curve of the moulded fide 
of the timber from the foreſaid points, and there place the ſirmark, ſo the 


but when this is not ſquare 


ſtock. and tongue will be ſquare to the timber, as in the firſt ribband, and 


from theſe points make an exact bevelling board, as in the plate; the like 


* 


proceſs may be uſed for the fore body. 


Ihe difference of the Bn of the tibbands on the moulding, and con- 


un fide may be had by projeXting the planes of the diagonal ribbands on the 
; 22 5 1 1 Ra, * 3 bob 2323 „ 3 25 44 . ſheer 
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ſheer plane. The forms and bevellings of all the other cant timbers may be 


had by the ſame method, but every timber will require another line, for 


the line 4d, which will fall betwixt that and the line K O, till at laſt it 


coincides with it, that is, when the timber has no cant, and the new dia- 


gonals will be approaching to thoſe that repreſent oe planes of the ſquare 


timbers in the body plane, 
The cant timbers may likewiſe be bevelled by water lines, their planes 


are repreſented by level lines in the body plane, which, in ſome caſes, 


will be very oblique to the curve of the timbers, but this may be reduced 


to a ſquare, and the bevellings found as before directed: See that of the 


firſt tranſom in the plate. 
The faſhion piece of a ſquare tuck may be bevelled by water lines, in 


the ſame manner the cant timbers are by the ribbands, for as it both 


rakes and cants, the planes of the water lines will interſe& it higher on 
the aft than on the fore ſide, and before we. can have the common ſec- 
tions of the planes of the water lines, on the fore ſide of the faſhion piece, 
its breadth muſt be determined, which ſuppoſe dn; but this is not all, 
for as it-cants, the breadth in the direction of the water line, will be more 
than the true: In order to find this; 
17. Produce the line Wg to r, make r g half the thickneſs of the 
poſt, and thro' 7 draw a line parallel to g L to interſect the line gGin 


the point 6. 


2d. With the radius 75 from the center E deſcribe an arch, and dra 


the line W m juſt to touch the back of the arch. 5 
3d. Thro' the point m, draw the line din parallel to 9 G. 8 
4th. Let fall the perpendicular & y, and thro? the point y draw the 
_ dotted line In perpendicular to an; draw alſo the * v perpen- 
dicular to / 7. 


765 The point k, may be affumed at Phaſure, any where” in the line 


oh. Make y v equal y &, and draw the line v, foſhall/n v be the 
angle, or bevelling of the plane of the faſhion- piece, with the plane of 
the water lines; and to find its bevelling with the ſheer plane 

Tf, From the point m erect a perpendicular, to meet the line y v pro- 


duced in the point 7. 
2d. Thro' the point y, draw the line y u parallel to Wu, and thro” 


the point y draw a N to y u, which will interſect. EN line 
W m nearly in 7, 


d. Make the line yu equal to the line m 78 and draw che linen 4 


: 0 all the Oy In u be the OY, to the ſheer plane; it muſt be 
ob- | 
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* 


no room for another letter. 


- © Having thus found the angles, let d n be the ſcantling of the faſhion- 


piece fore and aft; thro' d, draw a line parallel to n to interſect the line 


n v in c, fo ſhall c 2 be the breadth of the faſhion- piece on the plane of 
the water lines. I ne a 

Now as the lines g G, e 3, 0 2, u 1, on the floor plane repreſent the aft 
ide of the faſhion-piece 3; we may draw lines parallel to each, to repre-, 
ſent the foreſide of it on each water line, only regarding to make cn the. 


perpendicular diſtance betwixt the fore and aft fide; ſo we may project. 
the foreſide of the fathion-piece by theſe lines; but we muſt firſt find 
where the foreſide interſects the water lines: Thus 

II. Find n & what the bevelling of the faſhion- piece to the ſheer plane 
is within a ſquare, 4 | F 


— 


2d. Draw a line x & parallel to W , making the perpendicular dif-. 


tance betwixt them equal to n &; this line wil 
lines, and likewiſe the ſheer, in the ſheer plane. 

3d. From the point - where the line x & interſects the ſheer, draw a 
line parallel to WF; from the point where it interſects the third water 
line draw a line parallel to A 2; do the ſame by the other water lines. | 

We may now project the foreſide, or find the points on theſe water 
lines thro' which the curve muſt. paſs, and the neareſt diſtance of theſe 


interſect all the water 


points to the curve of the aft fide, will be what the bevelling is within 


or without a ſquare, when both ſtock and tongue are ſquare to the tim- 


bers, and when the water lines are not ſquare to the curve of the timbers, 


reduce them to ſquare, and place the ſirmarks as when, bevelling the 
After the bevellings of the timbers are found, they are put on a board 
provided for that purpoſe, called a bevelling board. This board ſhould be 


* 


made che exact breadih of the timber, which ſuppoſe x, =, f 7, in the figure 
| beyel (Plate, g.). If upon one edge of the board we ſet off as many points 
them at any convenient 


as we intend it ſhall contain timbers, and place t any ht: 
diſtance. from one another, whether equal or unequal is indifferent, and 
diſtinguiſh them all by their proper names; we may then lay the gradu- 


the timber, ſo that the proper point be at the intetſection of the plane of 
the ribband, and the plane of the timber; and when in this polition, af 


| we marke che other edge of the board where it croſſes the ribband, a line 
drawn acroſs the board from theſe-two points, will be the true bevelling 
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obſerved that as the lines d and Wm da not make a ſtrait line, the line 
vn will not meet the line z 7: at the point , but ſo near it that there is 
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of the timber at that place, So when the board is applied to timber 


| » i 
the floor plane, we ſhall find the bevelling to be as much from a ſquare as is 

expreſſed by the dotted ſquare line drawn acroſs the board at that place. 

It muſt be obſerved that the perpendicular at timber 7, repreſents the fore- 


fide of the floor timber, and aftſide of its correſponding futtock: Ss that | 


the floors will be under, and the futtocks ſtanding bevellings, and where the 


| ſpace of the ribband, containing theſe two timbers, is ſtrait, the one will be 


as much ſtanding as the other is under bevelling; as in the plate, where 
the perpendiculars drawn to timber 7, from the points in which the aft- 
fide of the floor, and foreſide of the futtock interſe& the ribband, are 


parallel to that drawn thro” the point, where the line that repreſents the 
moulding fide of both timbers, interſects the ribband : This method 
will anſwer for all the timbers, whether we bevel by half breadth lines, 
water lines, or tibbands, only obſerving the directions given before, to 
transfer oblique to ſquare bevellings. We ſhall like wiſe hereby find,” 


that in ſome caſes, where the ribbands are very round, one bevelling 
will not do for two timbers, and even when it is only taken. for one 
timber, an allowance ought to be made for the round of the timber ; for 
which purpoſe it will be neceſſary in ſome cafes to make a mould to fit 
the round or hollow, and faften this to a ſtrait edged batten in the pro- 
per direction. 35 nn We I 
Another method practiſed to find the bevellings for the ſquare tim- 
bers, is by the diagonals in the body plane; without regarding the curves 
of the ribbands in the floor plane: But this cannot be uſed, unleſs we 
firſt form all the timbers in the body plane. 


Let then the diſtance betwixt the parallel lines A B and C D, be the 
timber and room, that is, as before obſerved, the breadth of two tim- 


bers, and the ſpace betwixt them, and if this be equal to the diſtance 
betwixt the perpendiculars repreſenting the planes of the timbers, we 
have all the timbers ready formed in the bedy plane in Plate 5. and may 
find the bevellings in the following manner. \ | . 
Draw the line AC, perpendicular to A B and C P, for the bevelling 

of G: Then take the ſeveral diſtances in the diagonal, from & to the 
points where it interſeQs the timbers, 1, 3, 5,7 and 9, and ſet them off 
© from the point a, to the points 5, c, 4, e and, in the lines A B and CD; 

fo that lines drawn from / to /, rom c to e, &c. would be parallel to 
AC. Then draw the lines a8, bc, c d, d e, e; which will give the bevel- 


lings of the timbers 1, 3, 5, 7 and 9: That is to ſay, of two timbers, viz. a 

floor timber and a futtock. So /e will be what the bevelling of timber 

9 is within a ſquare, as may be ſeen 8 floor plane, by producing the 
N a . | | 2 : + 
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vers, we may take the neareſt diſtance. of theſe points to the curves of 


I deer plane, by ſections of planes cutting 
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0 Bevelling the TRANSOMS, Cann Wi. | 
=  linethat repreſents the plane of timber q, till it is equal in length to that ö 


which repreſents the plane of timber 7: But it muſt be obſerved that the 


. | So that tho this method may give us nearly the bevellings of two tim- 


= _ bers; yet theſe are not the two that are to be faſtened together. There- 
fore this method ought to be rejected, unleſs we ſet off the breadth of 
tte timbers on each fide of the line that repreſents the moulding edge, 
and draw perpendiculars betwixt each on the floor plane, We might 
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© ſponding futtock; and when the diagonals are not ſquare to the tim- 
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= the timbers, and then mark the firmarks, in the ſame manner as the 
= beycllings of the faſhion piece. The ſame method may be uſed when 
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5 ne, by lanes cutting the ſhip fore and aft, pa- 
 - rallel to the ſheer plane. Theſe planes will be repreſented by ſtrait lines in 


3 ko = the floor plane, parallel to WR; and in the body plane, by ſtrait lines 


4 * 


1 7 to K G. In the plate we have only formed the two dotted curves 
in 


eiiie ſheer plane, to timber 7; the interſections of theſe with the planes 


— — - 


= of the tranſome, which in the ſheer plane are repreſented by ſtrait lines, 


I — 


; fo thit all that is now neceſſary, is to ſhew how 
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will give the bevellings 


5 . theſe curyes are formed, and in what direction the 2 the bevel is to 
=: tc rder tc draw the two dotted - 
Uns in che body plane, parallel to K O, to interſect the timbers, Transfer 


be placed upon the tranſom.” In order to this, firſt 


4 


tze heighiths of theſe interſections to their correſponding timbers on the 


1 4 4 bt”; meer plane; Which will give the points thro” which theſe curves muſt 
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pas | Sceondly, draw two dotted lines parallel to W K in the floor plane, 

- - to interſe& all the tranſoms: Theſe transferred to the planes of the tran- 

= foms in the theer plane, will give. the points where the curves interſect 
ls planes; Theſe dotted ines io the- door plane, muſt be the 
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3 : 5 a perpendicular at 9, repreſents the foreſide of the floor timber; ö therefore 5 8 
= he futtock correſponding to it, is before the perpendicular at 9; the fats 
= _  tock correſponding to timber 7, will likewiſe be before its perpendicular: 


E = then indeed find points in the diagonal, betwixt the timbers: formed, 
which would give the bevellings of each floor timber with its corre- 
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© "diſtance from the line WK, that the correſponding ones are from the li 
KO, in the body plane. They will interſect the tranſoms in the direc- 

tion in which the ſtock of the bevel is to be laid upon the tranſoms; and 
if this ſhould. be judged too oblique, it may be transferred to a ſquare one; 
before directed. As the third tranſom is not formed in the floor plane, 


't * 4 


the body 


and, if needful, a mould made for the hollow of the tranſom., 


1 5 
* 


a line muſt be drawn parallel to the plane of it, where it is formed, 
find the proper place and direction of the bevel, _ _— 


Ihe other method is by forming more timbers abaft the faſhion piece. 
Their planes will be repreſented by ſtrait lines in the floor plane, Where 
they will interſect all the tranſoms already formed. In the plate we have 


only drawn one, G g, by which we have formed another cant timber in 


cr. II. Of Bevelling the Tranſoms and Ribbande. 175 1 


ns 


4 


plane, in the ſame manner as the faſhion piece was formed. 
The angle formed by the curve of this timber, and the level lines that are 
drawn at the heighth of each tranſom in the body plane, will be the be- 
velling; and the ſtrait line which repreſents the plane of the timber, will 


give the direction in which the bevel is to be placed. upon the tram. 
This may likewiſe be transferred from an oblique to a ſquare bevelling;: 3; 


+ th F greater. 
of 'the 


faſhion piece for a ſquare tuck, or form the harpins by diagonals in the 


5 
I 


— 


A . V. 


f forming Bodies not fimilar to that by which the Lines on 


the, Sefter were conſirufted. 


1 


methods uſed in drawing of ſhips, and how to lay down a ſhip 
by the ſector, if ſimilar to that from which the lines were conſtructed. 
We ſhall now ſhew the uſe of the ſector in forming bodies that are not 


+ fimtlar to one another. 73 


The firſt thing to be done, is to ſet the ſector by the propoſed Half 
breadth, and draw the diagonals as before directed. Then we muſt form 
the mid(hip frame by the points, as in Plate 7. By this we ſhall diſco- 


ver, that it will be either too full or too ſharp; and therefore muſt be 
altered by the artiſt, according to the ſervice the ſhip is deſigned for. The 


foremoſt and aftermoſt timber muſt likewiſe be formed by the artiſt; 


and then the portions of tlie diagonals intercepted betwixt theſe timbers. 
and the midſhip, will not be the ſame as that given by the ſeQor, when 
ſet to the half breadth. In order then to find the points in the diagonals 


for the intermediate timbers, the ſector muſt be ſet to each ſeparately. 
Thus, take with a pair of compaſſes, the portions of the diagonals in- 


| teicepted betwixt the midſhip and aftermoſt timber, now made conform- 
able to the fervice for which the ſhip is deſigned; and by theſe ſet the 
_ ſector ſeparately for each, till the diſtance taken by the compaſſes reach 


from the proper points in one leg, to the correſponding points in the 


other leg; and being thus ſet, we may find the proper points in that di- 


* - 


In order to Muſtrate this; we have, in Plate 8, laid dow the midihip, 
foremoſt and aftermoſt timbers of two ſhips ; the one an Ba/ India ſhip, 


agonal ; and then ſet the ſeQor for the next diagonal. 


the other a French prixateer. Their bodies are very different from one 


another, and likewiſe m that by which the ſector was formed; and if 


the intermediate timbers formed by the ſector in both ſhips, will produce 


fair ribbands, it may be preſumed that it may be very uſeful in any 


other caſes. 5 OD | . 5 

Nou, becauſe we cannot open the ſector in the plate, we have taken 
the ſeveral diviſions of the four ribband lines upon the after body of the 
ſector, and ſet them off from the point C, upon the four lines C 14 R, 
C 24 R, Gc. interſecting one apother in the point C: So that the point C 


18 


—— 


4 


F 7 E have, as. was propoſed in this ſecond part, ſhewn the general 


Ns 
; . 
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Plate VIL facing pagea76. . - 
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e The Ub of the bi, is farming Rim de if 


is the ſame diſtance from the points 7, 5; 3, and G, upon thele lines, 


that the ſame points are from the center of the joint upon the ſector. We 


have likewiſe drawn four other lines to interſect the former in the point 
0 


C. But the angle formed by the two lines marked 1* R, is not equal to 
the angle formed by the two lines marked 2. R; nor to that formed by 
the two lines marked 30 R, or by thoſe marked 4 R, The angle formed 
by each two lines of the ſame name, is determined in the following man- 
ner. From the center C, an arch of a eircle is deſctibed to interſect the 
line 18 R in the point . From this point, the diſtange betwixt the mid» 
ſhip and aftermoſt timber now formed, taken from the firſt diagonal, is 
ſet off upon the arch; and the other line C 1* R is drawn thro' this point. 
In like manner the other three lines are drawn, by deſcribing arches of 
circles from the center C, to meet each line in the point &, and ſetting 
off upon each arch the diſtance betwixt the midſhip, and aftermoſt tim- 
ber, taken upon the diagonal correſponding to each line. So the diſtance 
betwixt the points G and &, in the two lines marked 1*R, is equal to 
the portion of the firſt diagonal intercepted betwixt the midſhip and after- 
moſt timber; the diſtance betwixt theſe points in the lines marked 24 R, 
is equal to the portion of the ſecond diagonal intercepted betwixt the afote- 
ſaid two timbers, Sc. The lines being thus drawn, and each divided in 


the ſame proportion as its correſponding one of the ſame name is, 


the points on each diagonal for the timbers 3, 5 and 7, will be found upon 
examination to be at the ſame diſtance from the after timber, that theſe 
points are from one another, in the two lines correſponding to each 
dingen. ; N TY | 
The like proceſs may be uſed for forming the intermediate timbers in 


the fore-body : But it muſt be obſerved, that in forming the ribbands from 


theſe timbers, their ſtations in the ſheer plane muſt be determined by the 
ſector as in Plate 7. and after the ribbands are all formed; the proper 
ſtations of the timbers may be afligned. | 
Now, tho' both the ribbands and timbers thus formed may prove fair, 
yet neither this method by the ſector, nor any other method, which has 
been publiſhed, can be eſtabliſhed as a certain invariable rule; becauſe 


the curves by which they are formed have no properties peculiar to 
themſelves to diſtinguiſh them from all other curves, as was before ob- 


& : 


ſerved. SR os 33 
The only way to make any conſiderable improvements in this art, we 


preſume, will be, by carefully examining the different bodies of ſeveral 


: ſhips that have been actually built, and whoſe good or bad qualities have 


been diſcovered by experience, We have therefore, for the ſake of ſuch 
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Y the tables is the radius of the upper breadth ſweep, from the points 
and V; which will give us the center of the ſweep. 
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3184, the heighth of the top timber line, from C upan 


© 34. Set up. 


me ling C D; thro' which point draw a line parallel to A B, and lay off 


5 2521 the Half breadth of the top timber, both ways upon it, from the 
line S P and form me top timber by a mould, to break in fair with 
the back of the upper breadth ſweep. This compleats the upper part of 


the midſhip frame. re : 

© 4th. To form the lower part of the midſhip frame, draw the five dia- 

Zonals; their heighths from the point C, upon the line CD, and their 

diſtance from C, por the line A B produced, is given in the proper co- 
th of the fifth diagonal is 4908, which ſet up from 


lumns. The heig 


C to 5 The diſtance from the middle line upon the baſe is 4393, which 
6 | 


lay off from C, upon the baſe produced ; and draw a line to this point 
from 5; which will be the upper or fifth diagonal, In the ſame manner are 
the other diagonals drawn, by taking the numbers from the proper columns. 


i 5th. Lay off 4572 from 5 upon the fifth. diagonal, 3900 from 4 upon 


the fourth, 293 5 from 3 upon the thitd, 1680 from 2 upon the ſecond, 
and goo from 1 upon the firſt diagonal: A curve paſſing thro” theſe 
points, and the main breadth at the lower heighth will form the midſhip 
Nane ta the floor head. A ſtrait line to touch the curve in this point, 
drawn to the upper edge of the keel, compleats the whole midſhip 
frame. The points in the diagonals are in the eolumn correſponding 
In like manner we may find points in the diagonals, for all the other 
timbers, and alſo for their lower, upper, and top timbet heighths of 
breadths and half breadths, from the dimenſions in the proper columns 


correſponding to each; and by theſe form the timbers. We may like- 
wiſe ation the timbers in the ſheer and floor planes, the diſtances of each 


from & being in the * columns, and alſo form all the curves that 
are neceſſary upon theſe p 

we ſhall only lay down the ſtem, poſt, counter and ſtern. 5 
In order to do this, draw the line Z X, to repreſent the upper ſide 


bf the keel; and at any convenient place ere perpendicular for the af-. 


ter timber 26: . The diſtance of this timber from &, is 13254; and the 
wing tranſom from &, is 14744 which therefore is 1490, abaſt timber 
26. The heighth of the wing tranſom is 5320. Set up this from the 


line Z X, upon a perpendicular erected to the point W 1490, abaft timber 
26. The diſtance of & from the fore part of the poſt is 12994, which 


ſubtracted from 13254, remains 260, Lay this off from 26 to P, and 
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draw the line P W for the fore fide of the poſt. The : is 2270 
abaft'26, which lay off on the line Z X, and erect a perpendicular, upon 


which ſet up 5560 to c, which is the heighth of the counter. The up- 


right of the ſtern at the ſheer rail, is 2380 abaft timber 26, which ſet - 
from timber 26 upon the line Z X, at that point erect a perpen- 

be produced 70 the 
Heighth of the ſtern, as in the plate. We may then form the coun- 
ter; where it muſt be obſerved that a pink has no tranſom. _ We 
have only aſſumed the point W to determine the rake of the poſt. - Tim- 


ber 26 is 13254 from &, and timber 24 is. 12264 from G. Therefore 


the diſtance betwixt them is 990, which ſet off from 26 to 24, gives 


| the ſtation of that timber; ; and by. the fame manner, the ſtations 0 the 
other timbers may be found. 


Having thus laid down the ſtern, we ſhall 3 in the next place lay down 


the ſtem. Erect the perpendicular X T. to limit the fore part of the 
ſtem; upon which 1 1 1 the hei th of the aft ſide of the ſtem 
from XtT, and let 5 5 

ſtem is 10266, and the touch of the; ſtem is 6826 before ©, therefore 
i the diſtance betwixt them is 3 320, which ſet off upon the line Z X, from 


e aft fide of the head. The head of Ui 


a perpendicular let fall from 53 this will give the point_z, the touch of 


bo ſtem,” where erect a4 ular, and ſet up 3330 to ; Which 
will give the center of the lower ſweep of the ſtem. The radius of the 


upper {weep is 701, and the center; and theſe two [weeps will form 


the ſtem. We may now tation the timbers F, I, M,P,R and S, as in 


the plate; for as the touch of the ſtem is 6820, and timber P 7430 be- 
fore ; P will be 604 before the touch of the ſtem. "We have in the 
Plate. laid down the main and top timber half breadth. lines, alſo the riſ- 
ing and narrowi 73 of the floor and floor ſweeps, After the ſame manner 
ips may be laid down from the tables Our readers are 
dehired to obſerve that this example is only to ſhew, the method of tak- - 


tables, yet the dimenſions taken rom the print will not agree with t 
tables; as is manifeſt by comp ring the dimenſions is and the two 
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of the ROTHER. 


= £ tobe E. general method is to make the breadth of the rother, 


at the lower end in large ſhips 4 or 3, and in ſmall ſhips 


5 of the extreme breadth of the ſhip; but this cannot be eſta- 
bliſhed as an invariable rule, for a full built will require more ro- 
ther than a ſharp · built ſhip, and it will be neceſla ſometimes 
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V. B. The ſtern poſt is the ſame thwartſhips with the keel below, and the head ſquate, if to be had. 
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to have a piece, fayed:to the aftſide of the rother, called a back. 


Ass to the ſcantlings, the head of the rother, if it can be had, 
nay be 3 or 4 inches bigger than the head of the ſtern poſt thwart - 


may 
5 and two inches bigger afore and aft than thwartſhips. 
For the ſake of ſuch of our readers as are not acquainted with 
. the terms relating to ſhipbuilding, we ſhall conclude this ſecond 
part with the following gloſſary, . 
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SHIP BUILDING. 


E AMS, are the wes pieces of timbes; which are laid nord the 


ſhip; their ends are lodged on the. clamps, and being bound by | 


Knees on the fide, keep the ſhip to her breadth. 


Bow, i is the round part of the- ſhip, 3 That on cos as Sand 
with one's face forward, is called the Starboard, and that on the left 
the Larboard-bow ; | they both unite at the ſtem, 


Rana N are large knees. faged; acroſs the en 2 to » both bows, 
into which they are bolig&.-/.;1 5: 4, . 3 
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0 ARLINGS, are ſquare pieces of timber, er ing for and, 2 from. one c beam 


© into Re Hs aig a. 7 


 Caripan, is a large: ſquare eos of timber, one Das of it is i” 


ih 1 forecaſtle, ach projects without the bow ſo far as 
do keep the anchor elear of the Ix a i it is heaving up by a - =" 
tte block of which is called the Cat- block: The ro 0 Null 
thro' the ſeveral ſhivers of the block, _ A ans abe. is 
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CLAMPS, are thick planks, which ſupport the ends of the beams, CO. * 


CouxrER. The hollow part of the ſtern above the wing-tranſom is cal- 
ed the lower, and that part betwixt it and the lower part of the cabbin- | 
lights is called the upper or ſecond Counter. 


Dx ap wood, conſiſts of large pieces of timber laid one upon another, upon 
the keel, afore and abaft, where the ſhip is ſo thin as not to admit 
of ſuffioient ſubſtance for the two- half timbers, which are therefore 

ſcored! info this dead wood. The half timbers are uſed when, by 

- reaſon of the ſharpneſs of the floor, one piece of timber cannot de 

bad which will make a for. timber. 10 


Dzcxs, are the ſame in a ſhip that fioors are in a foi ad are 8 
ted, according to their heighth, lower, middle, and upper: Beſides 
which there is a deck which covers the cabbin, and — from the 
ſtern near to the main: maſt; this is called the Quarter-deck. In ſome 

ſhips there is an apartment above the great cabbin, called the Round 

. © Houfe; the deck which covers it is called the Poop. Another deck 

covers the forecaſtle, which is an eee in 90 que of Re 

"+1005 in which is the oOOk-r m. 


Far, is to fit two. pieces of wood 3 to 
is ſaid to hex to the timbers When it 


join dete b . The deer 
or be gol to all the 


„ <> (+. +56 Tl | 
Mais are e of © the wales which x g0 round the bor and 
= we pa IE: 


Hawer-vigexs, de Godt bes, is the bow of the ep, thee which 
1 there are holes cut for the cables to paſs. 


Heap, is ſome figure, often that ——— 3 « fora 
fore - part of the ſhip. There is a large piece of timber . to the ſtem 
upon which the figure reſts; this is called the knee of the head, — 
os. reaſon of the'great breadth at the upper patt, it is compoſediof ſeve- 
8 It is let into the head, and faſtened to the bow on each ſide 
by knees, called the cheeks of the head. The head is ſupported by 
. Tails, which extend from the crowti of the figure to the cathead. 


bo 


py 
> - — 


Ha The E or any timber, nelledtheþ enable 
upper part the | 10 


Krrz 
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Mt is the principal piece of timber firſt laid upon the blocks, which 
ſupports the whole ſtructure. When this cannot be had of a eat 
depth in one piece, there is a plank faſtened to the bottom, called the 
Falſe Keel, which ſerves likewiſe to fave the bottom of themain keel. 


KEELSON, is fayed over the door timber. and bolted thro them i into the 
keel. | ; 


Kun are crooked pieces of 8 One leg or arm is bolted to ihe 

beams, and the other to the ſhip's fide. They are either lodging or 
hanging. The hanging knees are fayed up and down, and the others 
fore and aft the ide, and reſt upon the clamps. 


L1iMBER-BOARDS, are ſhort pieces of planks, fayed next to the keelſon, 
which may be taken out to clear 
ther below or above the foor-timbers, for a OW for 2 water to 


the pump. 


RAB BET. When a plank is to be "RIPE to any piece of timber, ſuch as 

the ſtem or poſt, there is ſo much wood cut out of the piece as the 

N is thick, which is called the Rabbet; and when the plank is 

Ie'et into this rabbet, i it will be even with the outſide of the pes as at 
d/te after-end of the keel, and lower end of the ſtern· poſt. 


Rats, are narrow planks, generally of fir, upon which there is a e - 
ſtuck. They are for ornament, and naiſed acroſs the ſtern above the 
wing - tranſom and counters, Sc. They are likewiſe nailed upon ſe- 

veral planks along the ſides; one in particular is called the ſheer- rail, 
which limits the heighth of the fide N the forecaſtle to the quarter- 
deck, and runs aft to the ſtern, and forward to the cathead. wr 
its - wales Ire nearly Parallel to this. 


- 


5 Sr uzn;! Þ a piece of timber, or Wen Pieces faſtened . WO 
_ "2 fitted to the ſtern· poſt, to which it is hung by1 irons, whereon 1 it 1 
* of It * the 5 is moon 7 


a W ben two pieces 6 Under are joined together, ſo = the a 
of the one goes over the end of the other, being tapered ſo that the 
one may be * into the other and become even, they are ſaid to be. 


limber-holes, that are left ei- 


— 


903 bers We. 


3 ſuch are the keel - pieces. But when the ends of the two 
pieces are cut ſquare and put together, they are ſaid to butt to one ano- 
ther; and when another piece is laid upon, and faſtened to both, as is 
tte caſe in all the frame · timbers, this is called ſcarphing the timbers "2 
and half the piece which faſtens me two ders een is reckoned 
the length of the ſcarph. 


| STEM, is that circular piece of timber where both the ſides of the ſhip 
unite forward, The lower end of it is dag into the keel, and the 
© bowſprit reſts upon the upper end of it. . 


STEps, are large pieces of timber fayed acroſs the keelſon, into which the 
heels of the maſts are fitted. 


Cota, 7 is the after- part of the ſhip, in 3 are e all che Ebbin-ightn Tt 
likewiſe includes the ſtern- frame, which conſiſts of the ſern-poſt, 
tranſoms, and faſhion-pieces, all faſtened together. 5 


[ad 


STERN-POST, is that ſtrait piece of timber at the aficr-ond of the ſhip, 
which unites both the fides. The heel of it is tenanted i into he keel, 
and the wing-tranſom faſtened at the head of it. 


Tiers, in a ſhip, are as the ribs in the body, and he to 13 the | 

ſiqdes, the planks being all faſtened to them; the two aftermoſt are 
_ called Faſhion-pieces; they ſupport the ends of tranſoms. The two 
timbers, forward, at the cathead, are called Knuckle-timbers. . [For 
the names of che other timbers, ſee Chap. III. Lect. 3. Part IL] 


1 Tocx-ſquare, i is, ben the heels of the faſhion-pieces are let in upop the 


poſt, at which place the heighth of the tuck is fixed, 5 


Warns, are planks, thicker than the reſt, * Abo 
ee n n _—_ | 


THE THEORY OF 


SHIPBUILDING and NAVIGATION. 


PART IL 


Of NAYIGATION. 
CHAP. L SECT. L 


of Trigonamatry by tabular Calculation Er a Table of 1. 
e 1. n, Tangent and Secants. 


E have i in the firſt part lained the Jodrine of trigonome- 
try, ſo far as to give a ſolution to all the varieties geome- 
_ trically by ſcale and 8 We come now to ſhew 
bow to perform the ſame arithmetically by a table of na- 
tara] ſines, tangents and ſecants ; in order to which, it will be eh 
neceſſary to ſhew how this table may be conſtrued. E : 


i. To 9 a T, able of natural Sines, Ta angents ol Secants, fo a Radius 


| Red: © . 1:2}; 5: 6 e ee equal Parts. 


Deſerbe a quarter of a circle, and let the radius be 100 Fl: PT 


ha Divide the arch into 90 degrees, and draw fines, tangents and ſecants to 


eve degree, as directed in making the plain ſcale. Meaſure each off theſe _ 
_ ſeperately, by the ſame line of equal parts that the radius was taken from, 
and ſet down the numbers contained in each, in proper columns corre- 

nding to every degree in the quadrant, as in the following table, where 
it is done only to every fifth degree, being ſufficient to ſhew the nature 


af the * which has been calculated to great exactiieſs, * numbers 
| for 


* 


— 


3 3 194 Of natural Sines, Tangents, and Sccants. Cup. I. 
1 for every minute to a radius of 100,000 ; but i in practice the 8 
of thoſe ſines, tangents and ſecants are uſed. 


. Table of natural SINE S, TANGENTS ond SECANTS. 


I Deg. | Sines. "FT ang. |_ Seca. | 

1-5 1-377 (05562 [375 [11430 119938 [gal 85T 
10 1736 | 9848 | 176; | 56713 | To154 | 57588 | fo. 
5 | 2588 | 9659 | 2679 | 37320 | 19353 | 38637 | 75 | - 
Jo | 3420 | 9397 |_ 3640 27475 [1842 [29238 | 70 | 
1 Zz | 4226 9063 466; | 21445 | 11034 | 23662 | 65 _ 
= | _ 1 30 000 B660 [577317320 | 14547 | 20000 | 60 | 


4 5 35 5736 | 8191 | 7002 [14281 [12208 | 17434 55 
| 40 | 6428 | 7660 | 8391 11917 | 13054 |] 15557 | 50 
1] 45 "7071 | 7071 | 10000 | 10000 | 14142 | 14142 | 45 | 
: IS | Sines. | - | Tang. | Seca. Deg. | 
| This table Ber by inſpection, the ſine, tangent, or ſecant of any och, . 
odr number of degrees therein expreſſed, if the radius of the circle be 
8 _ 10000; and becauſe, as the radius of a circle is to the ſine, tangent, or 


| ſecant of any arch of the ſame circle, ſo is the radius of any other circle 
3 to the ſine, tangent, or ſecant of a ſimilar arch of this other circle, as 
1 5 proved in Prop. 8. Chap. 3. es. 2. Part 1. > 
 - _- Therefore we may find the fine, tangent, or ſecant of any arch, in 
2 1 any circle, provided the radius be known, by the following ny Pg 

= 2 As the — — in the table | „ 
—_ Is to the fine, tangent, or fecant of any arch in the table, 
S8 n the radius of any other circle 

. To the fine, tangent, or ſecant of a ſimilar arch of this other circle, 


RAI AM FL. 


ther to be 130 
The tabular — 418 is 10000, che ſine ie, 36 tho{yable „ 
739% therefore by the rule of three, | 


10000 5726 130: 7 74 1690 or 744555 


i 
3. 


3 — 55 
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Ĩ the length of the radius of any circle, and the length of a fine, tan- 

ee or ſecant of the ſame circle be l at it be . to find the 

| ae the proportion will be, | 
As the given radius of any "circle 35 +46, PH NGBIES | : 
Is to the given fine, tangent, or ſecant ofthe ſame circle: . | 
So is the radius in the table _ . . 
Jo a fine, tangent, or ſecant in the table; ; T7 8 

which muſt be found in the table ; and cteveſpoaiiing! chereto i in the co | 


lumn of ORs. is the 2 7 5 of the arch rat: 


. 0 f. 7 45 4 * r 25 E. 
Let the radius * goo, and the given fine 383 ; then = _ nl 
500 38 13 5 7660 „ | 1 
; | 5400 55430 868)860 and chis found inthe column of 2» 
Gow in bs table, correſponding thereto, is. 50 degrees the quantity OR m_— 
the arch required. 0 2 


It will be needleſs to give any mare examples as in mas we ſhall 
uy the table 1 en | | 


i . „ 
Of artificial SINES, TANGENTS and SECANTS - 


W. obſerved 1 in the firſt part, that the Ger: of- A right 5 tri- „ 
angle were diſtinguiſhed by different names, viz. hypothenuſe, "i 
perpendicular and baſe ; and that by the angle, is underſtood that oppo- - 

| Wy to the baſe, which is ſuppoſed to be drawn acroſs the paper; and | 

che perpendicular up and down, making a right angle with the baſe, 10 
which angle the hypothenuſe is always oppoſite. 5 
I ̃ be ſides may be conſidered likewiſe as fines, tangents, or ſceants, $7 
by which means, beſides the aforeſaid proper names, they will acquire 

| 2 which we ſhall call their firnames; and theſe will vary according | | 
10 the ſide made radius. . 
If the hypothenuſe be radius, the baſe will be mie fine 5 and an ber- 7 S.2 
reli * Rae Ma aunn of the oo he RY 


296 
If the baſe be made the rad 
complement ; and 


. ſame angle, as above. 
If the perpendicular be ade 
and the hypothenuſe the & qa 
ſtrated. in the firſt part. 


x 


Hence, the whole buſineſs of trigonometry way be faid to 


of artificial. Rives, Tangent and Seren. 


Perpendie | 


\- QUAP. k 
the hypothenuſe will be the ſecant- 
75 tangent· oomplement of che 


the radivs, the baſe will be the tangent, 


nt, 
i the angle all which has * 


conſiſt, 


either in finding a fine, tangent, or ſecant, to a 2 arch, * radius 


being known; or if t 


the radius, and either the fine 


9 8 or ſecant be 


known, to find the arch; both which may be performed by a due atten- 
tion to the two 2 propottioꝶs: And as any fide may be made ra- 


dius, there may be d 


erent operations for cach caſe. 


All che various cakes of __ angle wie, are ns rnd in the fol- 


lowing table. 
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The PRoPoRTIONs for the ſeveral Solutions of the fix Coe a Plane wor 


angled Triangles, 


Eren Requir.] ales. 
: fine of the an ie: H: B 1 
Epe 1 : fine comp. of the angle H: P n 
91. - 4 Sec. comp. öfſche angie R:: HEB mR HE „ 
_ and See co. of the angle: tan. co. of the ang. : : H: P Baſe. 3 . 
| Sec. of Bc angle tang. 1 :B 3 
Angle Perpen. Sec. of the angle: R:: H: P * 82 2 
Baſe 1 Sine of the angle: R: — H | © 4; 
8 Po. ¶ Sine of the ang. : ſine comp. of the . 25 Hypo. 3 
i e ee comp. de angle 57 B HH FE 
9 a R: tang. comp. of Cen, 2B: P MC: [ al. 7 
. |, ' Tang of the angle: Ice; Te angle 77 B : 1 r 
Angle [Perpen, Tang. of the — NE. OED pen It 
| Perped. PRs — e angle22P;B Tama” |. 2.x 
And | and Tan. ce. of theang.: ſec. co. of che ang: P HI Bf. 2d. 
0 92 5 175 5 comp. 3 N:: P: R. 25 122 Baſe. 3: 
Angle wes 
aa OL AR6 tang. of the angle i 'Þ 1B by f 
5 Hypo. | Ried the TT IST 
and | and 5 8 ag CLE = 
$I, Rp ing t c epetper icularis | 
Baſe. Perpen.| by caſe 2 2 24. | 
e Tang” AN 1 5b. 
„ 2 nding the angles the hyporheriuſe” isTound i 
Perpen Hypo 5 caſe the 2d. or zd. 15 
Perpen. Angle R: N, of the angle LI Eg 3 
2 d f: 12 R "ic comp "of the angle required | | 6th. 
a8: 1:9 N . þ 079. 
0 ter irding the 7 © IG : is mol ac % | 
Hypo. | | Baſe. . caſe if. ot 34. T5 | 


11 is ident from: what has been lid, 1 ha fir N 5 to be 3 | 


ln to give a ſolution to any 


of the caſes; is, to make one of the 


ſides radius; now if the thing required be a fide, any of the three may 
be made radius; for there is no neceſſity for making the given fide radius, 
jt the radius is fixed, then both the given and required ſides, will 

particular be the: de W 2 


P4 . 
M0 4:5 5 44 
* 


* 


3 


W THAT of - 1GONOMETRY. 5 Chap. x 
-As the fichame of the , OE es 177 1 jo I" 
Is to the firname of the required f hee: : i | 
800 is the given fide 4 * i l. 
Pothe required fc. PU ee 


If the thit ing required be an 1 one <of fe. Ziven, ae moſt he Far 


proportion will be. 2 
As one of the Poe ges, vis. that made radius | 
Is to the other given des 4b pe fk FE FE) ee Le | 
——— the radius e eee * . TR e 14 ; E 5 7 ee eee 
To the firoame of the Goon fide: 1m; ts CHEE 
And when. this is found in the table, 8 of” the bid 3 
will de found in degrees and minutes in their proper columns. 
Note. If the thing requir d be à fide; the two firſt terms will be either 
N tangents, or ſecants, to be taken out of the logarithmick table of 
ents and Tecants 3 the third term wil de à natural number, biz. 
« 12 of the given ſide of the triangle in miles, yards, or any other 
meaſure, the 2 of which, "multi be taken but of the table of | 
.- rithms; and, when the logarithms of the ſecond and third terms are ad: 29 
together, if N this ſum be ſubtracted the logarithm of the firſt term , look | 
for the remainder i in the table of logarithms; and correſpondin cet in 
the proper column, will be the natural nuniber, "expr vg be length of 
the reg de; taken by the ſame meaſure” with 18 given fide.” | 
When an angie is required, we muſt not work for — angle itſelf but 
5 for the 105 E or ſecant of 1 it to the radius 9 00 which the table was 


hats” 
parithmns ; the 
muſt be ta- 


| erms mi btrac Wy from their 
| "ug as Fa 5 e . en be found in Kas table of artificial ſines, 


| tangents and ſecants; and the quantity of the angle 1 rec lired will k be fold 
in degrees and 8 corre ponding thereto,” 4 $64 1 
We ſhall illuſtrate the r bk: an example in in eich caſe, by the rbles, 
and allo by e 195 noo ant rhe tact 16s 
The general: rule by the gon 30 his ſame a0 any other oefitlin: in 
| the rule of three; and if we uſe the natural ſines, it will be performed, 
py mg: ng; the ſecond term by the third, and dividing the product by 
he firſt term, the quotient will be the fourth term required; Harig to 
make the firſt as to hy aforelyid) ee but it Wilf be 
1 indif- 


* 


14 


— 


Stor. l. TRTIOONOMHET RN 70% 
indifferent which of the other two is made the ſecond term, as they are 


to be multiplied into each other. 


But as the natural fines, Cc. are calculated to ſeven places, this would 
make the operations very tedious, upon which account their logarithms 


are uſed, and are had by the table of artificial ſines, tangents and ſecants; 


if the table of logarithms was made for natural numbers to ſeven places, 
we could find the logarithms of natural fines, Fc. as eaſily as of any 
other number; but even in that caſe, we muſt have a table of na- 
tural fines, &c. and afterwards have recourſe to the table of logarithms, 
whereas by the table of artificial ſines, &c, we have the logarithms at 


Once. 


and for the minutes under Min. increaſing downwards on the left hand 


- of the page; but if the degrees exceed 45; look for them at the bottom 


of the page, and the minutes in the right band column above M, in- 


creaſing upwards; and when the degrees and minutes are thus found, the 
logarithmick fine, tangent, or ſecant, will be found in its proper column; 


obſerving if the degrees be found at the top, the word fine, tangent, or 
ſecant, muſt be found at the'top, underneath which, right againſt the 


minutes, which muſt be found under Min, is the thing required ; but if 
the degrees are at bottom, theſe words muſt be found at the bottom, above 
which, and right againſt the minutes, which muſt be alſo found above M 
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Loet it be required, to find the ſine, tangent and ſecant of an arch; or 


angle of 33 45. Here the degrees are leſs than 45 therefore look for 


them at the top, and the minutes under M; right againſt which, and 
under the word ſine, iS 9.7447393 under tangent, is 9.82 4893 under 


ſecant, is 10.080 1 543 but if the ſine, tangent and ſecant of 56 15 were 


1 bs wes look for 56 degrees at the bottom, and 15 minutes over M; 


a of 


t againſt which,' and above the word fine, is 9.919846 above tan | 
gent, is-10. 175105; above ſecant 10.2 55 km. _ 


* 


The degrees at the top begin at o, and increaſe to 44; the degrees at 
the bottom, in the firſt page, are 99, and decreaſe to 45; the one including | 
the minutes, is always the complement of the other; ſo that if it was re- 
gquired to find the fine complement of any arch, look for the fine,” and 
in the fame line, you'll find the fine of the complement. 


T] 


* 


# 


: 


1 This table contains every degree, and minute, of the quadrant; if the 
number of degrees be leſs than 45, look for it at the head of the table; 


200 


degrees mu 


— 
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| | TRIGONOMETRY,” lass. 
Thus to find the fine complement of 330 45% look for the degrees 332. 
at the top, and 45“ in the left hand column under Min. the fine will. be 


under the word ſine as before; 9.744739, and the ſine complement, 


9.919840, in the ſame line above the word Sine; the like may be ſaid of 
the tangent complement and the ſecant complement. / + 
Having the logarithmick | fine, tangent, or ſecant, to find the degrees 
and minutes correſponding thereto. — | le 
This is only the reverſe of the former, for you muſt look over the ta- 
ble, till it is found; and if in a column that has the word fine, tangent, : 
or ſecant, at the top, the degrees are at the top, and the minutes in the, 
left hand column under Min. but if it is in a column, which has theſe; 
words at the bottom, the degrees are at the bottom, and the minutes 
above M in che right hand column. ee 


2 1 I K . n er RR 2 SY. "4.4 408 Et ek 2 I 4 1% n . 
Let it be required to find the degrees and minutes, anſwering to the tan- 
gent 10. 346; 37 > this will be found over the word tangent, therefore the 


at the bottom, dig. 65, and right againſt it above M, is 


er 
" 


24” 15. Sometimes the exact number cannot be found in the table, in 


theit complements ; for the radius, which. is equal to the tangent of 46 . 


degrees, is a mean E betwint the tangent of any arch, and tha 
| 2 ab of nus cop | ment to' 90 degrees; W hich 8; the reaſon; that the 
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0 the dypbebeanz 60 miles, the angle 565, I 5; required the baſe, 


and . 
For the B 4 SE. 


Lehe n or Ban ul ack of + 3.2861 <1, 45: a. 
: to the fine of 56? ᷣ 11 — 9.919846 


So is the hypathenuſe 60 miles — 
Tae a en ERAS $05 1.26 1:07. 2-530 97997 


For the PERPENDICULAR. 


2 Roths radius, or ſine of 0+ = 10. 0000 
+ Is to the ſine complement. of the angle, or -r fine of 3 3* 4 7447 29. 
So is the hypothenuſe 60 miles — 5 . 924 778131 
T the perpendicular 33.3 J 522890 | 


«6. 2 


By GUN T E R's Seal 


Extend the compaſſes from 90 on the line of ſines, to 569, 15˙3 the 


4 extent will reach in the line of numbers, from 60 to 50. nearly, 
the baſe; and the extent from 90 to 3 3% 45 on the line of fines, will 
— in the 29; of numbers... TPP 60 to 33 * * for the e 


e 8 ASE. un Le it babar Stott To 
cl as 8 3:3 miles, and the an 36, 165 ; requir- 
ed the hypothenuſe, wc 7 gle | 


vill be, 
F Ape 1K E iS E. 


1 Se arich. 0.25526r- 


10 unn the 212 0 let the: bypothenuſ be radius, and it 5 


I to the radius, or fine of go 2 10 | 
So is the perpendicular 33.3 miles 1.522890 
To che hy pothenuſe 60 miles „„ RS 778151 


In this and ſuch like: :cales; leit the Hell tem N not e inſtead 
of the logarithm of the firſt term, uſe the ee arithmetical of i it, 
Which is, What any logarithm wants of the logarithm of the radius; 

ow this being always 10. ooοοο . the coniplenzent arithmetical will . 


925 Jy N each a ath in ek. e from 9 e 
ns 2 C7] 


202 -' TRIGONOMETRY. _ *Cnar. I. 
- firſt towards the right hand, which muſt be ſubtracted from 10; as in 
this example, the "og arithm of the ſine of 33* 45, by the table, is 

9.744739, and by ſubtracting, as above directed, the complement — 
metical will be 25526 1; this is fo plain and eaſy, that by a little practice 
the complement arithmetical will be as readily taken out of the table 
as the logarithm itſelf, and then it muſt be added to the other two lo- 
garithms ; and when the logarithm of the radius is ſubtracted from this 
ſum, the remainder will be the logarithm of the fourth term required; and 
this will be the ſame thing as if the operation was performed by the com- 
mon method, vz. by ſubtracting the logarithm of the firſt term from 
the ſum of the logarithms of the ſecond and third terms; in this exam- 


ple the fun al the £1 two is . 11.522890 
98 335 „ 2244232 Logar, of the Grlt is I 2 111 
Radius 10. o Remainder I 77 I 8 
TOPS 33: 1.322890 = | x.” 

2 | . 15 1285 

> OE} 2 Ira Sans 3 2.24222 EY Ss ” | v5 : 87 . 3 : 

VV VCC | 


Non in fubtraftion's as a leſſer number þ is Gen © "Fg a 3 it is . 
if any number be added to both, and then the leſſer ma grit, from * : 
greater, it will make no alteration ii in the remainder ; and this is the very. 
caſe here, for 9.744739, is to be ſubtracted from 11. 522890; if to each 
of theſe be added the complement arithmetical, via. o/ 55261; the ſum 

of the greateſt will be 1 1.778 151; the ſum of the leaſt will be 10;060000; 
and as all the figures in the lelſer number are cyphers, except the firſt 


tothe left hand, the ſubtraction is perform on b cancell * 
wn goin 004 tenths gene mama. 5 * . | 


er hes B Bns lot 


| eee ang fo 33® 4:% com: aun o 261 
56 BAER. of the angle 6s 1.5" - 1 5 IR 


4 a 


So-is the perpendicular 23.3 miles + = 5.6 no er 51 
ee e %%%ͤ;ͤ;᷑F⅛ T SN OR-4 185 
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vio extent. e 33” 455 to 900 in the Wy of . ail wech; in the 

15 bios of numbers kom: 3 3; to 60, for the bypotbenuſe e; and the 

from. 56 15/to 33% 4 in the line of e will reach. D the, line 
won from $3. 3 to 49 9 for the ** N 

LE CASE ut, 


ster. I 


| henule, 3 and perpendicular making t the hypothenule | radius, 4 


as 


the line of fines, from 


Given the baſe 4 


5 So is the baſe 49.9 miles 
1 n 


The ertent in the line of numbers from 60, to 
go® to 569, 15”; and when 


So is the baſe 49.9 miles 
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TRIGONOMETRY. 
CASE 
9.9 miles, and the angle 56® 15 required the hypo- 


m. 


Fa HYPOTHENUSE. 


As fine of the angle 360 15 ws cloned 
I to the radius © 


Tm nts en 
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1 e 56 15' comp. ach. 
Is to the ſine complement 339 457. 


As the hypothenuſe 60 


* to the | 
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By GUN TE R's Scale. 


The extent from 560 15 to 9o in the line of fines, will reach from 
and the extent 
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Pendiculaf- 
- [Given the ce wile, and bal 4g. yk, required 
| angles and pr 10 | 
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7 78 1 
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10.000000, 
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8.224849 
ws -697997 . 
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j deck ze 
Siva. 17 WE gegr. 33.1 We the 


tes and KMS 3 

1 4 MH Ai Err } wi =o $0. DIE 
aking 60 perpendicular radlus, the baſe w be the tangent, and ihe 
1 will ben h AA ro ITY N f 


geen 33-3 mileggamplmgns whhoetical -1 8-471 50 
tothe ba 49-2 | < > Pi 14697997! 
38.thg radius, or cose of 450 e 03 219.0. | 


dos the rapgent of the angle 569.1 5 wrt 00 ” 203 39:11 759 


| eee e fi 333 is ac . 
therefore the next to an ne N 8 105 EEE Il the 1 1 from 
9 as to find the complement 2rithmetical 8 the three are 


added, the:eharadteriftick will be 20, the eharactariſtichb of the radius be- 
ing fi there wilt remain 10; and this found in th table of arti- 


ficial figes; ta tangents and ſerants, 895 it Tg 1 52h" 3 the 
GT | „ ds 18 W's 


JIG 


on dom 73008 2 n N.T E Ris. belt Oy > 3 WEE. IT. 
She enten in the lhe of numbers 9 e 49:5 * il re 
in thelige of ctangens "fron! 4 fe 0 1 che fame 188 ng, wk which i his 


either 33”, 457 or 56%, 157; g_ to Rn] which ofthe wo 8. 
the extent in the line of _gumbers js wo IH wet a greater, and | "nag 
F e ns int muſt be more than 


e Lene 4 157. oe 1 4 


Anale are A rn I an 5s triangles. We mig ht, here Me- 


Ge A Seal len gn oblique viangles, bot as the whole 
wy 8 of navig 21 850 may be 3 e N NN 1 
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5 tavigation * is 
| way from one port to another ;" it will Act 8 


ation, a8 of the laces muſt be.kpown, —_— 4 
ſhal I be te ew how e n be attained. NS it will be 
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#6 {4s 
OREN is MA tene * A A e 3 to 0 . 
ad the, places in any p ee. called a chart, n np 
or all the habitable parts, of he bi a globe..,, The firſt-picomy 
monly called ſurveying of land, — the rw is generally under 
ee 75 17 lain 2 
of ſuryeying, is to 
N piece of ground, upon paper; 4 aneh a 
and poſitions from one another [gre | 
if. — A ee be meaſured on the, very por.of ground. 
ſituated Ig 1 £! Tet {If aan 1 27 * 

165 ng Se r equired to lay, down ol. the in the plan . 
e ee r = 4 1 | 
e uments neceſtary 7 parpoſ are, aW graduat circle; I 
ll 155 Tae Gaby # ib whe e nde re 1 


CES vel A 
„Alam late 10, from one, another 

any two points Band D,-from-whens Wer wm ne Bp yy 
ſeen, place, che.circle,,wit -its center, over the point B, and the index 
right ov 1955 diametes;z, movęthe eitele upon a. pin provided for that | 
purpoſe, .t till the point D may be ſeen Shia the e 1 
cle in that f then move the gs all the [points may be ſeen 
e through the Gaines n noting: the degrees. cut by the index car - © 7 
reſponding to each point; then move the inſtrument from the point B, to 0 
the, point D, ,placing it ſo that the; index being laid upon the diameter. 
the, point B may. be.{cen through the fights 4 and then faſten the inſtru - 1 
ment, 2 nt pn right over the. . 4 move the inden till all tbe 1 


N 482 vely may be ſeen thro 
tie N before f then 


whi Fa fathoms, or, dee 4.0 N wy „ 

$4 non upon paper wy _ any equal. parts, 5 
off upon any ſtrait line from ò to 4; at Us point deayalinghe 
.of angles; .cqual to: thoſe. talcon in the field; de the. ſame 
point 4: the. bee of the lines drawn kom 4 with thein 
corre · 
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206 Of SURFETING Seer. l. 
carreſponding lines drawn from & will give the;points J, g, & i, &, l n 


and jf we meaſure their diſtances from one another by the tame ſcale that 


the diſtance of the puints 6 aud was taken from, we ſhall have the true 


diſtance of the points in- tho field. RJ 


For the triangles DF B, and d f b, are "chvlangitr, by conſtraQicn;; ; 
therefore bd: U,: : BD: BF, but bd contains as many equal parts of 
the ſcale as BD does fathoms ; therefore L #8 myſt contajn as — — ag? 
parts ofthe ſcale as B F does fathoms,” 5 

As theſe are all the places that are bppepd eſis ſeen from the p 


| Band D. the adjacent places cannot be laid down without hates the 


two- Nations: : Let the next two ſtations be K and M, from whenceè tak - 


ing the angles as before, all the plaees that can be ſeen from K and Me: 


may be lai down in the ſame manner as thofe ſeen from B and D. 

may proceed in the ſame manner to lay down alt the places in an ld; 
or country,” by continuihg to alter our tation to places already laid down; 
till we have gone over the whole; this gives us the neareſt diſtance 'be- 


_ twixt any two, places, but by the intervention of valleys it with: be im- 


poſſible to go the neareſt way in a mountainous Se | 
Another method is by actually travelling over the country in « deck 
line, and meaſuring the diſtances by a wheel provided for that purpoſe. 
There muſt alſo de a contrivanee to keep in a direct ling” which ma 


be done by ſetting a ſtake at ſuch a diſtance from the place we fet"obt 


from, that it may from thence be ditmaly ſeen 3 we may then, by the 
help of the fights, ſet feveral intermediate ſtakes in a;ftrait line between 


them. Aſter we have travelled to the fartheſt ſtake, we may then place 


another ſtake at ſuch a diſtance that from it at leaſt two of the former 
ſtakes' may be ſeen, by which it ina maybe ſet in 4 ditect line with thekk 3 


and placing ſeveral intermediate ſtakes / betwixt'theſe two laſt ones, we 


may by them produce the line to another ſtake, and proceed through the 
whole extent of the country. We may like wiſe keep in a direct line: by 
the mariner 's compaſs, of Which we ſhall only here remark; that where- 
ever it is carried to, the needle*will atways point to the north, or its vari- 
ation may be found. We do not propoſe this method as the moſt expe: 


ditious, neither is it ſtrictly true or practicable unleſs upon Plane; 3, but. 75 


as it agrees exactly with the plain ſea chart, we ſhall inſert it. | 

Being now provided with a wheel and mariner's compaſs, with gebt 
properly fitted'to'it, let us ſet out from the point C, directiy as the needle 
| ga ſtake at every mile till we arrive at the Point A, ſo from 
D to A is due North: in travelling along, if we ſee any places either to 
ee or left; thro” the — 1 "__ Kingles to this needle; they” 
wall 


* 
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will be either due eaſt, or due weſt of us; we muſt meaſure their diſtance 
from the line CA, and alſo the diſtance we are then from the point C, 
' both which muſt be noted in a book provided for that purpoſe. When we 
arrive at A, the ſights being at right angles with the needle, we may ſet 
a ſtake at X, and move directly to it, fetting ftakes at every mile as we 
go, and when we arrive at X, we may travel directly ſoath again to 8, 
meaſuring the diſtances of all the places from the line X'S, as ſoon as they 
can be feen thro” the fights; we may proceed in the fame manner, firſt 
going north or ſouth, then eaft or weſt, till we have gone over the whole 
eountry to be laid down. The lines A C and X S will be fo nearly parallel 
to each other, that they may without any ſenſible error be taken as ſuch. 
Now, in order to lay down this in a map (See Plate 10% let the extent 
from ſouth to north be 90 miles, and like wiſe that from eaſt to weſt go 
miles; draw the line A ©, and perpendicular to it, the lines AE and 
CF; draw alſo the line E F parallel to AC; ſo theſe four lines wi.t 
limit the map; let each be graduated into go equal parts, and at every 
tenth draw lines parallel to AC, and alſo to EF; ſo the whole map will 
be divided into nine equal ſquares. FF 
We may now hy down all the places in the map from the notes 
taken off in the field; as for inſtance, if it were required to lay down the 
point FV. I find by my notes, I travelled 28 f miles due north from C. 
and 14 E miles due eaſt before I arrived at Y; therefore lay a ruler acrof: 
from 29 4 upon the line A C, to 28 + on the line EF; and take 14 + with 
a pair of compaſſes, which lay off by the edge of the ruler from the line 
AiC, and this will gide the pont ? 88 


. 


It is very plain that no place can be laid down in the map, unleſs the | 
diſtance and poſition of it, wich reſpect to ſome other place, be known; 
and when this eatinot be meaſuted, by reaſon of its being inaccetiible by 


the intervention of feas,' or otherwiſe, we muſt have recourfe to czleſtiat 


obſervation ; and tho' two places be ſo remote, that they cannot be ſeen 
from one another; yet we may, dy obſerving the ſun,” or ſome ſtar, at 
both places, find how far the one is to the northward: or fouthward of the 
other; we muſt alſo find ſome. way to know how far the one is to the 


diſtances and ſituation may with certainty be found by trigonomet x. 


That we may comprehend the manner, by which the fituation, and 
diſtances of places, have been found, we muſt explain ſome principles of 
geography, which ſcience conſiſts in giving a true deſcription of all the 
| habitable parts of the whole world, as was before obſerved, 8 


5 
* 


| GEOGRAPHY, | 8ecr, II. 
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H E firſt RY we ſhall obſerve is, that this earth, oa ſea toge- 
ther, is ſuppoſed to compoſe a globe; the firſt geographers found 
out this, by obſerving, that in whatſoever place of the earth they were, 
their ſight was always terminated by a cle. unleſs intercepted by hills, 
or other wiſe, and the obſer ver in the center * it; the firmament at the 
flame time forming the half of a concave ſphere over his head; and tho 
he moved his ſituation for thouſands of miles, he ſtill found himſelf in 
the center of a circle, and the point over his head continue at the ſame 
diſtance, which could not be, if the earth was flat; for, ſu xy 8 
obſerver placed at C, in the center of the circle HZ ON; (Pla 
then-Z would be the point in the firmament over his head; 1 
moved upon the diameter, from O to G, be would then be wi the 
int D, which is much, nearer to him than the point Z was, when in 
; but if the earth be allowed to be round, and the. obſerver at In Z will 
| be the point over his head; but when, he has moved to G, the point H 
will _ over him, and at the ſame diſtance from him that the point 2 
Was, when in C: Upon this account, they reſolved to deſcribe the 
earth, not upon a plane, but upon a globe; for which purpoſe, an arti- 
ficial one —— made, to repreſent the natural one. As the earth was ſop⸗ 
poſed a ſolid globe, the firmament, which eyery where ſurrounded, it, 
was ſuppoſed to be a,concave; ſphere, in which the ſun and ftars ſeeme 
to move, for they were continually ſhiſting their ſituation with reſpect 
to us, ſo that either the ſun, and ſtars, or the earth, muſt be in a continual 
motion; and tho it is certain that the earth. bas the motion, we ſhall ſup- 
poſe. the ſun, moon and ſtars to move round, * the Aj me. 
in the center; bei apparently ſo to gur ſenſes; ..* . 1 
They likewiſe found, that the ſan, l motion. a from eaſt to, 
weſt a an arch of a cirele, aſcending; 72 half, and pos | 
e other, the ſtars alſo. deſcribing arches; by their motion, among! 
them, they obſerved one, ſeemingly. nat to change, its ſituation, but always 
at or near the ſame diſtance, from the point over the oblerver's. head; 
while he continued his ſtation, or moved either caſt or welt; but when. 


— moved either ſouth or north the * either nearer to, or 
ſercher from, that * Os ry The 
y 


CuAR. II. CEDOCRAP HY: 20% 
They like wiſe found that the obſerver might move fo far to the ſouth- 
ward till the ſtar would juſt diſappear, and the fun, which at his firſt 
fenning out, was a great diftance from the point over his head at noon, 
was: now right over him; from thence, they ſuppofed the heavens, | 
veith all the ſtars, fan and moon, to be carried round the earth once in 
24 hours, two points only being immoveable, one near the aforeſaid ſtar, 
and the other diametrically oppoſite to it; by which motion, every point 


in the heavens, —— thote two, would by —_ revolution, Os 
* . 5 a 


GBOGRAPHICAL. DEFINITIONS. 


De ef. 1. A globe, or ſphere f is a ſolid body, which has a point within" 
it equally diftant from every point of its ſurface ; and may be conceived. 
to be formed by the revolution of a ſemicircle, round the diameter, which 
is ſuppoſed.to continue. <2 (As was obſerved in the felt part). 

Def. 2. The axis of the lobe, is that line paſſing thro” the center, | 
round which the whole globe is moved, and may be termed a diameter. 

Def. 3. The poles, 1. the two points in the globes ſurface, through 
which $A axis is fuppoſed to pals ; * have no motion, one is called 

the north and. the het the ſouth. pole, 

There are two globes uſed; Ho 1 all the kingdoms of the earth 
are deſcribed, this is called the terreſtrial, or terraqueous globe, contain- 
ing all the land; and water: The other is called the ccleſtial, containing, 
all the conſtellations; and tho” the firmament be e a coneave, they 
may be duly repreſented on the convex ſuperficies of a globe; and ſuppoſ- 
ing it tranſparent, and the obſerver in the center, they would appear to 
him in the ſame manner as they really are in the heavens; the ſame eir- 
cles are deſcribed upon both, and are either great, of font. the planes of 
the gr 2 circles go thro” the center of the earth, and their diameters "= 
me with- the-diameter of the globe; the plades of the ſmall circles 
90 not paſs thro the center, the > rep parallel to the plane of ſome great 

circle, their diameters. are leſs than the diameter of the globe, and con- 
tinually decreaſe, according to their diſtance, from the PUP of the great 
circle, to which they are parallel. 

Def. 4. Meridians, are great circles, interſeQing one another i in both | 
257 of 155 there may be an infinite number. 
The equator, or e 3 line, is a great cirele, cutting all the 
mend at right angles exactly in the middle, being equally 2 from 
oles. 
" Def 6. The ecliptick, i is a great cirele Toy the equinoQial' i in two 


oppoſite 
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oppoſite points i in ſuch a manner that the places of thoſe circles form an 
angle of 239 30. 

Def. 7. The horizon, is s that circle which terminates the Gght ; hg? 
poſing the obſerver at ſea, he finds himſelf in the center, and the ſea and 
ſky uniting : It is plain, if he alters his ſtation, this circle will change 
likewiſe ; ſo that it cannot be deſcribed upon the ſuperficies of the globe ; 
it is called the viſible, or ſenſible horizon. | 

Def. 8. The zenith, is that point in the heavens, which is right over the 
obſerver s head; the oppoſite point in the other hemiſphere, is called the 
nadir ; theſe two points vary continually as the obſerver changes his ſtation. 

Ina order to repreſent the horizon, and zenith by the globe, the axis 
is fitted in a braſs circle, in which it turns round ; this circle then 
will repreſent any meridian, becauſe any place upon "the ſuperficies of 
the globe, may be brought right under it; this, with the globe within it, 

is placed in a broad wooden circle, the inſide of it is the ſame diameter 
with the infide of the brazen meridian ; ſo the half of the globe will al- 
ways be under, and the other half over this circle; and the meridian may 
be ſo moved in the notches, as to bring any part of it to this wooden cir- 
cle; which is therefore called the real, or rational horizon, and is always 
parallel to the viſible, before deſeribed, as in the artificial globes they 
are both the ſame, becauſe the eye may be ſo placed as to fee the whole 
half of the globe at one view; by the help of this circle, we may repre- 
ſent the horizon of any place, for it is only turning the globe upon its 
axis, till the place is under the brazen meridian ; and then moving the 
| meridian i in the notches, till the point is 90 degrees diſtant from the ho- 
rizon; for that point win be the zenith, and is <quall y diſtant from ar 
point in the horizon. | 

Def. g. Azimuth circles, are ſuppoſed to paſs thro” the zenith, and 
nadir points, all divided into two equal parts by the horizon; theſe gan- 
not be deſcribed upon the globe, but are repreſented. by a. quadrant of al- 
tirude, which is a thin piece Sof braſs, that may be ſcrewed to any part of 
the brazen meridian ; and when this is brought to the zenith, the other 
end will move round upon the horizon; all theſe five . here der : 
fined, biſect each other, and the globe into two equal parts. 

. Def. 10. Parallel circles, are ſuch as divide the Hae into. 1 un 
Parts, and are drawn parallel to ſome great circle ; thoſe paral alle]. to 2 
rizon are called arallels of altitude or almicanters, 15 are not deſcribed 
_ the globe : hoſe parallel to the equator, on the bene globe, are 
Cal e of latitude, and are e drawn thro” 22710 e de- 
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The equinoctial is divided into 360 degrees, and a meridian drawn thro 
every tenth: One of theſe meridians is graduated, every quarter of it, into 
9o degrees, beginning at the equinoctial, and ending at each . each 
pole being 90 degrees diſtant from the equinoctial. 

Tho' there are no more meridians, nor parallels, actually drawn upon 
the globe, there may be an infinite number of both; for every place on the 
earth's ſurface is ſuppoſed to be at the interſection of a meridian, and a 
parallel of latitude, which point may he found by the brazen meridian; 
it is by theſe interſections that the ſituations of places are determined. 
De,. 11. Latitude of a place, is an arch of the meridian, intercepted 
between the place and the equinoctial; and is either ſouth, or north, ac- 
cording as it lies to the ſouthward or northward of the equinoctial. 
Difference of latitude, is an arch of the meridian, intercepted between 
the parallels of two places. 

Def.. 12. Longitude of a place, is an arch of the equinoctial, inter- 
cepted betwixt the graduated meridian, and a meridian drawn thro” the 
Place, and ſometimes is accounted quite round the globe, and at other 
times it is accounted both ways, eaſt and welt. | 
Difference of longitude, is an arch of the equinoctial, 8 be- 
twixt the meridians of two places. 

De,. 13. Departure, is the diſtance of any place from the meridian, 
taken upon the parallel of latitude of the place, and therefore is always leſs 
than the difference of longitude; it is ſometimes called the meridional 


diſtance ; of which in another place. 
Def. 14. Declination, is an arch of the meridiah, intercepted betwixt 


the ſun, or ſtar, and the equinoctial. 

Def. 15. Tropicks, are two circles, parallel to the equinoctial 2 30 
30! diſtant from it; that to the northward, is called the tropick of Can» 
cer; that to the ſouthward, 155 tropick of Capricors ; theſe two. limit 
the ecl liptick 
Def. 16. Polar circles, are 230 30 ' diſtant from the pole ; that at the 

north, is called the artick, and that at the ſouth antartick. _ 

From theſe definitions, the following inferences may be deduced. 

Tiff, I. Every point on the earth's ſurface, has a correſponding point 
in the heayens for its zenith, from which, if a line be drawn thro the 

int aſſumed on the earth 8. Tarkice, it will. paſs to the earth's: center: 
And the latitude of any place, is always * to the diſtance of the ZE» 
ith from the equinoctial. 

Vi. 2. Thoſe inhabitants of the earth, who have the pole i in their gen 


ith, have the equinoCtial 1 in their horizon; * are in 90 degrees of la- 
E e . 
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titude ; and thoſe who have the poles in the horizon, have the equinoc- 
tial in their zenith, and are in no latitude. _ | _ 
Tf. 3. The elevation of the pole, above the horizon, is equal to the 
latitude of the place. (Plate 11. Fig. 1.) HT 


—— MOENETRATLOMN GG oh. 
Let P reprefent the pole, 2 the zenith, Q the equinoctial, H O 


the horizon; the arch AZ, is the latitude of the place by Inf. 1. if to 
the arch ZP, be added the arch Z , their ſum will be go degrees, be- 
cauſe the pole is go degrees from the equinoctial ; but if to the ſame 
arch 2 P, be added the arch P O, their ſum will alſo be 90 degrees, be- 
cauſe the zenith is go degrees from the horizon; therefore the arch PO 
is equal to the arch Z. OM PEE 2 5 
I be globe being thus prepared, with the aforeſaid circles delineated upon 
it, their next bufineſs was to find the latitudes and longitudes of places, 
which they effected in the following manner, by celeſtial obſervations. 
As to the latitude, it is plain, that if there was a ſtar in the pole, 
there would be no more required, but to take its altitude or heighth a- 
dove the horizon, with a good inſtrument, which would be the latitude 
of the place: But as there is no ſtar in the pole, they were forced to 
take the leaſt and greateſt altitude of any ſtar near the pole, which, by 
making an entire revolution round the pole in 24 hours, would be twice 
in the obferver's meridian: Suppoſe then its leaſt altitude 48 degrees 
and greateſt 52 degrees, the difference betwixt theſe is 4 degrees, the 
- Half of which muſt be the ſtar's diſtance from the pole and this being 
added to the leaſt, or ſubtracted from the greateſt, ' gives the latitude ; for 
in the firſt, the pole is 2 degrees higher above the horizon than the ſtar, 
- Which muſt therefore be added to the altitude 48, which gives 50 the la- 
. | titude; but when the ſtar is 52 degrees of altitude, it will then be elevated 
- 2 degrees above the pole; which being ſubtracted from the altitude, there 
3 | remains 50, the latitude as before. This way of finding the latitude 
would require 12 hours difference betwixt the two obſervations, which 
FRE therefore cannot be done at fea, becauſe a ſhip, in that time, may alter 
| her Tatitude confiderably ; neither is it practicable when the pole is near 
the horizon: But after they had found the declination of ſome ſtars, or 
their diſtances from the pole, it was then enough to find one of the al- 
titudes; and when below the pole, the diſtance of the ſtar from the pole, 
added to the altitude, gives the latitude ; but if above the pole, it muſt 
be ſubtracted from the altitude, the remainder is the latitude ; one . 
77 ̃ ü 'Þ 
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ple will be ſufficient to illuſtrate this: Let the ſtar be at 10 degrees from 
the pole, and Y O the altitude, 40 degrees; the arch PO is the latitude | 
by Inf. 3. but this is the ſum of the ſtar's altitude, and diſtance from the 
pole, which muſt therefore be 50 degrees, the latitude of the place. 
But if the ſtar is in 7, then O, the altitude, is 60 degrees, and PO 
the latitude as before; therefore ſubtracting the ſtar's diſtance from the 
ole, viz. 10 degrees from the altitude 60, there will remain 5o, the 
titude as before. But as theſe obſervations are made in the night, they 
cannot be depended upon at ſea; we ſhall therefore ſhew how to find the 
latitude by the ſun's zenith diſtance, or altitude, when in the meridian of 


the obſerver. _ oo tity acts wm; 5 59 

If the ſun was always in the equinoCtial, his diſtance from the zenith 
would be the latitude of the place, by if. 1. but that it is not ſo, is e- 
vident, becauſe then the ſun would always riſe and ſet in the ſame points 
of the horizon, and his meridian altitude would be the ſame every day 
to an obſerver, while he continues in the ſame place; therefore we muſt 
likewiſe know the declination at-the ſame time that we have the zenith. 
diſtance. | "Ma Tet EA Jeri n | NY 
The geographers, by a daily obſFration of the ſun's greateſt altitude, 
which always happens when he is upon the meridian of the place, that is, 
at mid-day, found that an obſerver, who was above 230 30/ diſtant from 
the line, had the ſun approaching his zenith, for one half of the year, 
and the other half receding from it; and after his neareſt approach, it 
was a Whole year before he came back to the ſame place; they likewiſe 
found the greateſt diſtance from the zenith was juſt: 47 degrees more 
than the neareſt approach; and from thence his greateſt diſtance from the 
line was 23? 30, and by keeping an exact account of his zenith diſtance 
every day, they formed tables of his daily declination, or. diſtance from 
the line; ſo that we have now, by inſpection, the ſun's. declination on any 
day of the month. | 45. ook verb e e 
Ihbe table being thus made, the latitude will always be found, either 
by adding the zenith diftance and declination together, or ſubtracting the 
one from the other. All the various caſes. that can happen, ſhall be ex- 
plained in the next ſection ; and we ſhall now. proceed to ſhew how they 
found the longitude, _—_ V „ exit Nt 

| To attain this, they conſidered that the ſun and ftars, in the ſpace of 
24 hours, returned near to the ſame points in the heavens, in which they 
were at that time the day before, and conſequently moved 360 de- 
grees in the 24 hours, which in one hour would make 15 degrees; fo - 

that if two places were 15 degrees to the eaſtward or weſtward of one 
1 ä E e 2 another, 


% 


an” |  CROOGRAPHE Coir” 
another, thoſe in the eaſtermoſt place would ſee the ſun a whole hour 
before thoſe in the weſlermoſt place; and theſe laſt would ſee the ſun an 
hour after it diſappeared to the others. FE 
Now, if the whole earth ſhould be, at the ſame inſtant of time, de- 


pfived'of the light of the ſun, by the intervention of ſome opake body, 
it would happen juſt at the ſun's rifing in ſome places; whereas in other 
places the ſun would be upon the meridian, and in 1 5 de- 
grees from the meridian; in ſhort, it would happen at different times of 
the day, to all the inhabitants of the enlightened hemiſphere, that lie un- 
der different meridians; and therefore, if the hour were exactly known 
at all thoſe places, from thence their difference of longitude might with 
certainty be found, for the difference of the hours multiplied by 15 will 
give the degrees ; as, ſuppoſing three places, C, B, A, to thoſe at B, let 
it de nook; to thoſe at A, let it be 10 in the forenoon; and at C, 3 in the 
afternoon ; C would be the eaſtermoſt, for the ſun paſſed the meridian” 
of chat place, and got to the meridian of B, in three hours, which makes 
45 s difference of longitude that B is to the weſtward of C; but 
then the ſun muſt move two hours re to come to the meridian of A, 
it being only 10 in the forenoon at that place, which makes 30 degrees 
difference of longitude, A is to the weſtward of B, and 75 degrees to 
As fuch caſes of total darkneſs ſeldom happen, the longitudes of places 
ate not much to be depended upon, except where good obſervations of 
the ſun, moon, or other heavenly bodies, have been made; ſometimes 
the longitude has been found by actual menſuration, or by good ſea 
zurrials ; and by frequently going to the ſame ports at laſt, tables of the 
:titudes and longitudes of the moſt remarkable _ in the whole ha- 
bitable world have been made; and by theſe tables, all the places may 
be laid down; according to their latitudes and longitudes upon the globe 3 
as ſuppoſe it were required to lay down a place in 10 degrees eaſt longitude,” 
and 20 degrees north latitude, or which is the ſame thing, to find a place 
upon the globe, in that latitude and longitude. Move the globe upon its 
axis till the brazen meridian cuts the roth degree n the equator, on 
the eaſt fide of the firſt meridian; then look for the 2oth degree upon 
the brazen meridian, and right under that is the place requitet. 
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; T. would be foreign to our deſign to ſhew how to ſolve all the geozra- 
1 phicat problems by the globe; it will be of greater uſe in navigation, 
to ſhew how to delineate all the circles of the ſphere upon a plane, which 
may be done feveral ways; but as we have already explained the prinei- 
ples of the orthographick projection of ſolids, we ſhall now make uſe of 
that wap” (Platen e ail i) fig was wo, ao 2 oO: SHORT, 
It will be very eaſy to conceive that if the globe were cut by a plane 
paſſing thro the center, the ſection would be a circle; and when this 
lane paſſes thro' the poles, the circle will be a meridian, as in the plate; 
P SQ, may repreſent the meridian of the place, P the north, and S 
the ſouth pole; P S the axis; AQ. the equinoctial; for tho” this is on- 
ly the diameter of it, yet becauſe the plane of the equinoctial is perpen-" 
icular to the plane of the meridiah, it will be repreſented by its dia- 
meter, and for the ſame reaſon all the parallels of latitude, which upon 
the globe are cireles parallel to the equinoctial, will, in this projection, 
| be repreſented by their: reſpective diameters, | and drawn parallel to the 
line E Qs each quarter of the meridian is divided into go degrees, be 
ginning at the equinoctial, which will. be all equal; but the degrees 
of the equinoctial, tho“ upon the globe they are all equal, will here 
be unequal, and are repreſented by their reſpective ſines, beginning at 
the center. PS will repreſent a meridian deſcribed upon the globe, 
at right angles to the meridian, thro'. which tho globe is-ſuppoſed to be 
cut; every other meridian will be repreſented by an ellipſis, and may 
be drawn thro' every 10th degree of the equinoctial. The moſt expedi- 
tious way of deſcribing them, is by finding the points in every parallel 
of latitude throꝰ which the meridians will paſs, which may be done 
by a ſector, or as readily without it; thus, Firſt divide the equinoCtial 
into degrees, which being only a line of fines, will be the ſame as the 
conſtruction of the line of the ſines on the plain ſcale; and becauſe there are 
as many degrees in every parallel, as in the equinoctial, they mult like 
wiſe be divided into the ſame number of parts; and in the ſame proportion 
that the line Q is divided into: No let it be required to divide the 
parallel of 237 30“: Draw the line ECK, which will. repreſent the e- 
* cliptick, divide it into degrees, by fixing one point of the compaſſes in 
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C, and with the other transfer all the diviſions of the equinoctial to this 
line, and thro' each diviſion, draw a line parallel to the line P 8, to in- 
terſeQ the parallel of 23? 305% which will divide it into the ſame number 


+ of parts, and in the ſame proportion with the equinoctial; for E Cn, is 


a right angled triangle, of which E C, the radius, or ſemi-diameter of 
the globe, is the hypothenuſe; E m the radius of the parallel, or fine 
complement of the latitude, is the baſe ; and Cm, the fine of the lati- 


tude, is the perpendicular. Now the lines drawn thro” the ſeveral diviſi- 
ons of the line E C, will all be parallel to the perpendicular C n; and there-, 


fore conſtitute ſo many right angled triangles, all ſimilar to E Cm. There- 
fore EC: Em: : En: E o, that is as the radius is to the ſine comp. of the 
latitude, ſo is a degree, or any part of the equinoctial, to a degree, or 

proportional part of the parallel. Aſter the ſame. manner all the other 
Parallels may be divided, and the meridians drawn as in the plate; there 
Will be no occaſion to draw lines from the diviſions of E C to the parallel, 


only lay a ruler parallel to P 8, and mark its interſection with the parallel. 


After the meridians and parallels are all drawn, the places may be laid 
don according to their latitudes and longitudes, in the ſame manner as 
on the globe, but their diſtances cannot be meaſured ſo eaſily; we ſhall 


therefore ſhew how to do this without laying down the places, and alſo. 


ſcale and compaſſes; and by this plate, with as much certainty as with 
Ihe meridians, the equinoctial, with its parallels, and the ecliptick being 
thus delineated upon braſs, wood, or paſteboard, are made to move about 

tze center, within the circle Z HN O, which may repreſent a meridian 
in the heavens; Z is the zenith, and becauſe the meridian Z HNO, 
paſſes thro the zenith, E H and Z O will be azimuth circles of 90 de- 
grees each; they are graduated both ways, to ſhew the altitude and ze- 
nith diſtance. H O is the horizon, the meridians. drawn thro? each 15th 
degree, are the hour circles, and beeauſe the ſyn is the ſame diſtance 


how to ſolve all the geographical problems neceſſary in navigation, by 


from the meridian of the place at any hour in the afternoon, that he is in 


the forenoon, at the hour which is as much before as the other is after 
12; the meridian of 11 in the forenoon, will be that of 1 in the aſter- 


noon, as they are numbered in the plate. When the pole is in the-ze- 


nith, the meridians will all be azimuths, and the equinoctial will be the 


- The obſerver is always in that point of the circle P 8 Q, which is 

directly under Z, the points of the compaſs are marked on the horizon; 
aud the ſun's place in the ecliptick to every fifth day of the month, 
3 . 5 — s 
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is marked on the line EK: This projection is called the analem- 
ma; when the north pole is above the horizon, the right hand quarter, 
'wiz. Z C O, will be caſt, and the hours before fix in the morning, and 
after ſix in the evening, will be on the right hand fide of the meridian 
of fix, which will always be repreſented .by the line P'S; the hours from 
fix in the morning to noon,” and from noon to fix in the evening, will 
be in the left hand quarter, viz. Z CH, which is the weft : When the 
ſouth pole is elevated above the horizon, that which was eaſt will now 
be welt; and the forenoon hours will be the afternoon hours ; the ſun 
will riſe in the left, and ſet in the right hand quarters. Tho' in this 
plate, the heavens and earth coincide, yet in reality they are at ſuch a 
diſtance that the earth is accounted. only a point; ſo that in all obſerva- 
"_ the PILE] is fu tr at 185 center of the earth, 
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2nd Compaſſes. 
2 2 | 'PROB. Ic: : 

Given the ſun's declination and zenith diftance a at nid de, or r meridia 


oltitude 5 T0 find the latitude of nd 3 7770 | | | 
| This admits of threo varieties. Bier eee, Bran} ee 
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The latitude and 1 both north. and the ſun to the north- 
ward of the obſerver, or both ſouth, and the ſun to the PO we 
the obſerver. 1. 8 

Note. This can only happen to thoſe within the . bi path 
| Rule. Subtract the zenith diſtance: from the Km: the remainder 

will be the latitude. 


E X A. u r L E. 


Detlicativn | abe oo! north Latitude 8 
ile Zenith diſtance 10 00! north 209 00? - | 
nt if the declination and latitude were both fouth, and the m ta the | 
ſouthward of the obſerver, the latitude would be 10 degrees fauth. 
I 0o delineate this by ſcale and compaſſes. 
| Deſcribe the circle ZHNO, from Z ſet off towards O, the; given 
* 10% o“ to, and from © ſet off 202 O. WO declination fo 


* 
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&, then 221 is the latitude, by Inf. 1, or from & ſet off the complement 
of the declination of 709 o” to p, then 5 O is the latitude by Tf. 3. By the 
-analemma, fet 20% O from A towards P, to 10/09 from Z counted to- 
"wards O, then F will be againſt 10709 from O, the hos, 0m latitude. LY 


I . CASE II. 


The latitude and declination both north, and ſun ſouth, or - both ſouth, 
and ſun north. 

Rule. Add the declination to the zenith diſtance ; z their. ſum. will bs 
[the latitude of 15 place. 


EXAMPLE. 


Declination 20! 009 north Latirude. 
Zenith diſtance 30! 009 ſouth { 50! oO 


* But ff che declivation were fouth, Sabo ſan north, the latirade would 
be 509 oo ſouth. 
By ſcale and compaſſes, et off the given zenith diſtance 30 oO From 
Z to 3o towards H, and the Mgr declination from 30 to E; 2 A will 
be the latitude. . * | 
By the aas, ſet 208 o/ counted From A towards p, to 1 00! 
counted from Z towards H; P will be againſt 50 00! accounted from 
O, the Bae latitude. | 


5 . "CASE 3 5 


3G hes adrian declination of different names, that is, the one north, 
and the other ſouth. 

Rule. Subtract the declination {which in this caſe will A be the 
© ES 06 CRIES cpa the remainder will dect latitude, 5 


** 
5 
9 


1 * ** 4 


* 4 
n 13 007 ſouth Latitude, 7 
„euch amade é 5 0 ehe e, 


2 3g 


"» one if the declination nth. the latitude would be ſouth. | 
y eile and Compaſſes, deſcribe the circle Z II N O, from 2 & of 
the given zenith diſtance by degrees towards H, if in the north latitude; 


but towards O, if in ſouth latitu 1 9he ſet af the wen Aeclingtion 
45 0 K; then XZ is che Saite n n Fo ee 
Win (2 9420 '®; 8 Tt 151 . I al. 0 "Is ni 3 B 


4 * * 


** * 


as whe ſecond calp of . N | 


— B the 1 er 1 50 00! ata from ana S, to 659 00! 
from Z towards H, and P will be againſt 50 the latitude. 

It is by this problem, that · the latitude is found at ſea, when the ſun's 
zenith diſtance is taken at noon; for which we may take the following 
general rule. If the ſun and the equinoctial be both on the ſame fide of 
the obſerver; conſider which is neareſt the zenith; and if it be the fun, 
the declination and zenith diſtance; muſt be added; but if it be the equlr 
mba the declination muſt be ſubtracted from the zenith diſtance. 

2 Thoſe that live within the tropicks, will ſometimes have the 2 on 
one fide, and the equinoctial on the other fide of their aenith, and then 
_ the zenith-diſtance muſt be ſubtracted from the declinatio: +, 

Thoſe that are ſo ramote from the equinoctial, that the Gan performs 
EP: diurnal revolutioh above tlie horizon, will have him twice in their 
meridian every 24 hours: In this caſe, inſtead of the declination, take 
the complement of it, or the ſun's diſtance from the pole; when the 
obſervation is at 12 at night, or more properly when the ſun is neareſt 
the horizon; the latitude will be found in tlie lame, manner, as if the 
altitude of a ſtar was taken, which was ſufficiently: explained in the laſt 
ſection: But when the obſervation is made at ROOD, it will be the ſame 


2 . 


U ” y 
Aft try: en "O72" Hl 


* 
3 74 ; ; 
«+ — ee, 
= R O B. n. 
44 5 


Given EY lai rude an dedlnation, to o finds the ſors _ and the 
Bour of bis rifg or ſetting. 1 


* e "CASE I: 1 3 55 


In * to ſolve pho, it muſt be obſerved, (has the * by his a 

rent diurnal mation,deſcribescireles nearly parallel to the equinotial, ch 
may be called parallels of declination, being the. fame as e parallels of 
"latitude betwixt the two tropicks. The ſun 8 his revolution in 
24 hours thro all the meridians, yp ng in the meridian of the place, 
it is either mid-day or mid-night ; -: nalemma, this meridian is 
that which limits the projection; the f fan \ wet be all that day ſomewhere 


in the parallel of declination; and if a meridian be drawn thro”. the point 
where the parallel of declination interſects the horizon, it will give the 
hour of his riſing or ſetting, - and the degrees of the horizon intercepted 
between = ſan, and'eaſt or e of the woe is the an veal 


; « litade; | 10 254.09 2108 V TS; 4 Scl 124 of 12 xt 14: JE a — on 54. ad 20 i 
28 Ff . This 
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dd 2! Solution of Geographical Problems:by  Cnav.TE 

"£ This being premiſed, the following general rule will ſolve all the \ va- 
rietics of this problem by the analemma, oo Io od ohh 

+ + Rule. Set the pole to the given latitude, and we have the amplitudes, 
and: hour of the [ow 8 en and FRO for any day in the ear im 
latitude, e,, oo bas ot ny Fro: 

For the day of the mob being given, 'the dealiwation may be und 
the table, or by locking for the fün's place in the ecliptick, on the ana- 
lemma; the degree of the horizon cut by the parallebof declination is the 
required amplitude, and the meridian paſſing” thro! the ſun, how) my 
Horizon, gives the hour. ob wal. rho io Wii 5 Dag 4} 

By ſcale and compaſſes, -deſeribe che circle Z fl NC 0 a bene: 8 Let 
the given latitude? be 50 Oo north, and declination 230 30“ north. Set 
off by the line of chords 509 O0 from Of to P, and draw the line P 85 
and at right angles to it, the line AQ, which will repreſent the equinoc- 
tial; draw the parallel of latitude 23 305 to interſect the horizon in & 
chto' & draw a meridian; to interſect the e in 5. && is the am- 
plitude meaſured on the line of ſines, and Cy meaſured on the ſamt line, 
Zives the degrees and minutes of the ee before or after ſix, Which 

Ton verted Pena en the hour of the ſun's riſing or ſetti g noi? 
3 | Aide ian e . 2 eff 
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3 amplitude will be the fame in fouth 0 deg, he th Fi 
'of the fun's V 2 wil be the fame: with =_ hours ke "his ſetting, 8 Wl when 
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By the analemma, {et 3 to the latitude, loy- a 9 or ſtrait, FI 
Aon acroſs jou altitude; this will interſect the iven parallel 
of declination, The m N thro this point o of | Sm 5 
- Uf ir | | 
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gives the hour; at this point make a mark with a pencil upon the ruler, 
then move the pole to the zenith, ſo as not to move the ruler; the me- 


ridian that paſſes thro' the pencil mark, will be the azimuth circle paſ- 


Ling thro' the ſun, and it will cut the horizon in the degrees and mi- 
nutes of the required azimuth. It will be proper to take the diſtance 
with a pair of compaſſes, between the ſun, and the line T O, or TH; 
in caſe the ruler ſhould ſlip by moving the pole to the zenith. 


By ſcale and compaſſes let the given latitude be 50˙ of, declination 


23*. zo! both north, and altitude 209% o'. -- Deſcribe the circle Z H N O, 

and dra w the equinoctial parallel of declination, and axis as before. Draw 
alſo the parallel of altitude 4179 by ſetting off 20 o' of the line of 
chords from O to 9, and from H to 4; this will interſect the parallel of 


declination in 2, thro' which draw an azimuth circle, and a meridian, 


and theſe tyo. will give the things: required. There will be no occaſion 
to draw the whole Circles, only to finde the interſection of the azimuth 
circle with the horizon, and of. the meridian with the equinoctial, which 
is only dividing the horizon in the ſame proportion with the parallel of 
altitude; and the equinoctial in the ſame proportion with the parallel of 
declination z Thus, for the azimuth, draw the radius C 9, and CI 
8 58 .arigh angled wriangle 1 thro' t draw parallel to C/; transfer 
| to the horizon 1 in 3, and draw v parallel to C N ſo v 0 will be 
| the azimuth. Or it may be done thus; With 19, tlie radius of the pa- 
es of altitude, deſcribe from the center Q. arch, i 83 produce the 
line . to g; thro' g draw a line from C Which will give the point v as 
N For the hour: dra the line 4 1 parallel to PS, tp interſect C E 
in 1, transfer G to the equinoctigl in 3 ſo ſhall C2, meaſured on che 
5 199 0 } conxerted into time, give he hour after 6. 
oſe are 
ſea; the firſt for finding the latitude, the laſt two lor W A8 varia 
tion of the compaſs, een in its proper placę. ? 
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of the great circle, whit the neafeff diſtance, 
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in 13 30% both north latitude; their differenc of longitude 525 8 
B the weſtmoſt: Firſt ſet the pole to the latitude of A, then look for 37? 
2{(the-complement of the difference of longitude) upon the equinoctial; 
the meridian paſſing thro that point, will interſect the parallel of lati- 
ud of 13. 30“ in the point B; thro' B lay a ruler Au xrallel to the 
horizon; its interſection with the graduated meridian, will give the di- 
we 6 000 the m_— from IO zenith, Abi will be 
about 56% 1 vel S202 20256 0 n HE 246; 
For the es ede bm. A to B. The de laid ec 
befort, mark the point B upon it; move the pole to the Zenith, the me- 
ridian 'paffing thro the point, will be the azimuth cirele required; but 
if it were required to find the angle of Randon from B to A, 1 ſet the pole 
toithe latitude of B, and proceed. as before. 
By ſcale and compaſſes deſcribe the oirele, and quiiter-it/ ab beſbre: 
Draw the axis and equinoctial to the latitude of A, Aſo the patallel of la- 
to find the point B in this parallel, it is only to 
draw a . — which ſhall make an angle of 52 59% "with the me- 
ridian of A. To do this by the line of chords, ſet off Hh from E 
both ways to d and d, from which two points, lay a ruler- oſs to inter- 


"A 


tat, 'thro* 

which the meridian of B muſt pals; or by the/line of fines, take a tho 
t of the difference of ton itade zy which ſet off from the centet 

C, and this will give the Point 33 ; thro” which draw a meridian as before 


directed, to inter ſect the Ile} of iattude of 13 30/ in the point B. 
and thro, dhis Point draw'L;'T; parallel te the horizon; 2. I. or Z T. 


meaſured on the dine of Chords: = yt the diſtanes dea 15 
Draw alſo the azimuth citche BG SCG Hieb tedcen the line of fines; 
nearly 21 degrees, will give the complement of the angle 0 poſition with 


the meridian of A; or thro**G; Araw a line Parallel to Z CN, to inter- 


ſect the cirele in B and F; H D er H, mnenfürtdd on the Hine of chords, 


will be the — of poſition, * 1 meridian of A makes with the 


at circle. paſſing thro” A a and will be near gs; but 
2 n wet Ae nt Trey "oo 


: . —— and axis to the latitude of B, and proceed as before. © 1 


This problem can be of little uſe to ide mariner, 1 15 it 2 gives Ty | 


_ neareſt diſtance betwixt 2 5 . „and the compaſs, "which is the only 


guide he Has to Lechner ret. anot cher, Lade bim out lu 


(ct Ibes, will be a cury 
ctolles ; " Whereas the ar 
Makes unequal angles 
Wich all the meridians ; and weden we cannot 80 the neareſt 

. 


making equal angles wi * 4 fer 


% 


— 


em, che e as tis. 4 


way, by the compaſs, unleſs the places lie unter the ſame meridian, or 


oy the equinoctial. 
be compaſs is ſo well known that it needs no deſcription, being only 


a card upon which a circle is deſcribed ; 3 it is divided into 32 equal parts 


called paints, each conſiſting of 119 15”; theſe are ſubdivided into quar- 


ters, without which there is another circle divided into 360 degrees; a 
needle, touch'd with the load-ſtone, by which it acquires that ſurpriſing 
quality of pointing to the north pole, is fixed under the card, upon 
which there is a flour de luce, which will point out the meridian for 

though it ſometimes varies from: it, we may diſcover. the quantity by 
celeftial obſervation, of which in another place: The lines that the ſhip 
forms in ſteering by the compaſs, are called rumbs; and that theſe make 
equal angles with all the meridians is evident, becauſe the needle always 
lies in the meridian of the place, and the rumbs all meet at the enter of 
the circle upon the card. The needle is the diameter of this circle, ſo 
that moving the card can never alter any angles chat are made by che inter- 


ſection of any two lines upon it. 


It will be very difficult, if not impoſſible, to deſcribe the cumb lines, 
eter upon. the globe or upon any Ore, where the meridians interſect in 
the pole, for they muſt be ſo deſcribed, that if a ſhip; fail upon any 
rumb to any port, and then fail back the ſame diſtance upon the oppoſite 
rumb, the will then return back to the ſame port from which ſhe ſail d 
and that this is really true where there is no variation or currents, or the c 


ſhip is not forced out of her direct courſe by the ſea, wind, or bad ſteer- 


age, muſt be allowed; and agreeable to the nature of the triangles formed 


* 


meridians u 
lel of latitude Je of B, he diſtance of the meridians will be 39909 miles, and 


by the rumnb lines, eee and parallels of latitude upon the globe; 

shough ſtrictly ſpeaking they cannot be called triangles, for the mathema- 

ticians have reduced all triangles. either to plane or ſpherick, but the 
roperties of neither agree to theſe. However, as they have three ſides 


"WP | 
and three angles, a ſmall diſtance may be allowed to be a Rena: e we 


ſhall therefore conſider them as right angled triangles. / , 4 81 | 

Let there be two ports A and B, A in 500, B in 139 300 and the 

difference of 4 * 3 581 as before, that is the, diſtance of the two 
equinoctial in miles, will be 31783 but in the paral- 


in the parallel of A 2043 miles; the ener of u beni A 1118 


B is 3609 30% or 2190 miles. 


Now if a ſhip ſail directly fouth 2190: miles from A, And them 3090 
directly weſt, ſhe will certainly arrive at B; and if ſhe fails back again 


| 75 kane dite e ie 


224. Solution of Geographical Problems, by 1 CR Ap. II. 
and then 2190 miles north, ſhe will certainly arrive at A; this would 
make the · whole diſtance ſailed 5280 miles. But if in ailing from A, 
ſhe firſt fails 2043 miles weſt, and then 2190 miles ſouth, ſhe would like- 
wiſe arrive at B; and by failing the ſame diſtances upon the oppoſite = 
rumbs, ſhe would return back to A. Her diſtance failed would be 4233 
miles, but the neareſt diſtance is 3376; ſuppoſing it poſſible to ſteer up- 
on the arch of a great circle. The direct courſe by the compaſs from 
A to B, will be ſouth: 50 6” weſt, and the diſtance to be failed in that 
<ourſe will be 3414 miles, as ſhall be ſhewn in Mercator's failing ; what 
we are here to prove is, that if a ſhip fails from B, north 50 6 eaſt 3444 
miles, ſhe will arrive at A. The only difficulty will be to reconcile this 
to the properties of a right angled triangle; for in ſailing from B to A. 
the diſtance 3414 is the hypothenuſe ; the difference of latitude 2190, is 
the pefpendicular ; and the meridian diſtance in the _ allel of ' latitude 
of A, viz. 2043, will be the baſe. Now in failing back from A to B, up- 
on the oppoſite rumb, the diſfance, difference of latitude; and angle, will 
be the ſame as before, from whence it may be argued, that the baſe will be 
the ſame as before, vis. 2043; ſo that when the-ſhip arrives in the ye 
| rallel of latitude of B, ſhe will be 1047 miles to the eaſtward of it. 
But it muſt be conſidered that the whole difference of longitude to be 
cun down from B to A, is 52 58, which cannot be done by ſailing only 
2043 eaſt, unleſs it be all i in the parallel of A. Now in failing directly 
upon onerumb, there is no caſting made in the parallel of A, and of con- 
ſequence all the caſting that is neceffary to be made; in order to run 
down the longitude,” muſt be made before ſhe arrives at the parallel of _ 
latitude of A; and the nearer to B the caſting is made, the more it will 
require te run down the Jongitude: Again, neither the whole caſting, nor, 
ſtrictly ſpeaking, any part of it, can be ſaid to be run down in any pa- 
rallel of latitude betwixt B and A; for if the ſail from B in the dire 
courſe towards A any aſſignable diſtance, ſhe muſt make a ſmall part of 
3 eee ag a ſmall part of it eaſting; and if the fail back upon the 
_ oppoſite-rumby ſhe' will make the ſame weſtings betwixt the ſame paral- 
101 7 the madeths eaſtings in; and becauſe: the d caſtings are made in 
the ſame parallels of latitude that the weſtings are made, the difference of 
longitude in both will be the ſame ;. andthe * failing back upon the 
oppoſite rumb will certainly arrive at B. 

Or let us ſuppoſe: 2 190 parallels of latitude: actually defcitnd deni 
| A and B, likewiſe 2190 mefidians. Now in ſailing from B to A, inſtead 
of ſailing the direct couffe, Jet us ſail firſt directly eat till we come to tlie 

ſb * es meridians ; len due north ind 0 the * en due 
caſt 


%. 


1 


fail as much weſt in the parallel of A, as we did eaſt before; and then 


Pt 
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eaſt to the ſecond meridian; and ſo proceed failing, firſt north, and then 
eaft, till the laſt north courſe brings us to the parallel of A, and then an 


_ eaſt courſe will bring us to A. By this means ſhe forms 2190 ſmall 


right'angled triangles; the perpendiculars will be all equal, viz. one mile 
each, but the baſes will all be unequal, ſtill decreaſing the nearer we come 
to A, In failing back, if we go upon the oppoſite rumbs,- we muſt firſt 


ſouth to the next parallel, in which we muſt fail as much weſt as we did 


" eaſt before, to come at the next meridian, and ſo proceed failing, firſt fouth, 


both may be ſaid to vanith, and leave nothing but the hypothenuſe, 


and then weſt, till we come to B; where it muſt be obſerved, that in 
every parallel of latitude; We make as much eaſting as we did weſting, 
which will infallibly bring us back to the ſame port. 5 

Nov, let us ſuppoſe an infinite number of parallels of latitude, and an 
infinite number of meridians; and let us ſteer an infinite number of 


courſes, firſt north, and then eaſt, we ſſiall have an infinite number of 


ſmall triangles, and their perpendiculars and baſes being infinitely ſmall, 


which, upon the globe, is repreſented by a curve, making equal angles 
with all the meridians, being the path a ſhip deſcribes,” which is led by 


the direction of the compaſs from B to A; and in ſailing back from A to 
B, the triangles will be the fame as before, and ſo quite vaniſh; leaving. 


only the diſtance, Which will certainly bring the ſhip back to 8g. 
We ſhall not here examine how theſe rumb lines are deſcribed upon 


the globe; for, as we obſerved before, though in theory they! may be 


- conceived to be drawn, yet it will be ſearce poſſible to draw them true, 


with inclined meridians; this ſhews the neceſſity of a projection of tlio 


' ſphere upon a plane, where all the meridians may be parallel to each other; 
be. this Gale the rumbs will all be ſtrait lines. How to conſtruct ſueb a 


* 


projection, ſhall be the ſubject of the next chapter. 


e ſhall only here remark, that in navigation, the departune, and me- 


ridian diſtance may be conſidered as one thing, viz. the whole eaſting, 


or weſting, that a ſhip muſt make in ſteering upon a direct courſe from 


one port to another; and this will always be equal to the ſum of all the 


departures made every 24 hours, but will not agree with the common de- 
finition of departure and meridian diſtance, as in Def. ro. for by that, we 
can aſſign no proper departure betwixt any two places, that are not in the 
fame parallel of latitude ; for let the two places be A and B, the diſtance 
betwixt their meridians in the parallel of A will be 2043 miles, and in 
the parallel of B 3090, ſo that neither of theſe can properly be called the 
meridian diſtance, or departure betwixt theſe two places; but if we fail 


"+ 
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Bp "LIM TROY viz. ſouth 50% 66 weſt from A 3414 miles; we ſhall 
make 2619 weſting when we arrive at A, which we ſhall call the de- 
parture, or meridian diſtance: betwixt A and B, and in ſailing back from 
Y „the courſe will be north 50* 67 eaſt : the diſtance 3414, d the caſt- 
_ ing 2619, the ſame as the weſting before. 
3 From this, we'may infer, that the ſame RY and Aike, whether 
Y | (we ſteer from or towards the equator, will always give the ſame diffe- 
Tence of latitude and departure; which is the reaſon that ſeveral experi- 
enced artiſts keep their account by their meridian diſtance, without re- 
ding their longitude; for we muſt not ſuppoſe, as ſome have alledged, 
Y ; uy they are ignorant of the cauſe why they make more weſting i in go- 
3 go towards the equator, than they make eaſting in returning back; for 
mmhey well know that (outward bound) "ra e into the parallel of their 
= Hort long before they run dowy their di of longitude, which 
= erefore muſt require more departure than in coming home; becauſe 
5 | that'it is poſſible y may have 6 or 8 d of longitude to run down 
L in the ec of 137 30! when failing to E ; and the ſame number of 
E longitude to run down in the genie of 300 ol, When ſailing 
from B to A. So they do not return near the o ppoſite rumb to that on 
which they failed out; but as they conſtantly —— the ſarne courſes out 
every voyage, as: near as the wind will permit, in the courſe of many 
5 oy es, they find the meridian diſtance nearly the ſame every voyage 
bound ; and if in ſeveral» voyages they can ſteer the ſanie courſes 
Sake that they ſteered home Fo preceding . voyages, they will find 
 .their-departures nearly the fame as in their former voyages, tho always 
leſs than che departures out, for the reaſons before aſſigned: But it hap- 
: pens ſo rarely” that they can keep the ſame courſes two voyages, that 
very few have any . to the Sling diſtance, hut keep their account 
12 the difference e e arp which will always be my * 
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The CONSTR RUCTION and USE of SEA CHARTS. 
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At AIN Nang! is WA where the g f chart is ond » all the various 


N, of which will be exa 7 the ſame with thoſe of right angled 
| triangles; ſo that we are only to 


ew how thoſe triangle are forged on 

the ch 10 ; and the names of the ſides. W 1 
Ig this 

parallels of latitude are likewiſe, ſtrait 


and make equal angles with all the meridians, but then all the parallels 


equinoctial, which i is a very great error, 

9 any conſideradle diſtance. 14 * the equinoctial; it is called 
chart, and conſtructed in the Ps nanner as that of, ſuryeying land in 

Plate 10. All the lines; = arallel td A C, may called 

and thoſe parallel to A allels of fa atitude ; which eit es equal to 

the ook, uinoctial, will make 5 0 Sorin, 39, "difference of longitude the 

ame thing thoug in the arallel | 
erence of Jo aol eg Fg 


1 5 


I nearer the pal 


ery erronegus. 
8 The only. true a chart is e e 


on the d legrees e in any. Phe 


of the meridians, will oc 


butt to remedy this, rees. of. the | 
ed in the ſame wi e The de; e hi bar 


Before we ſhew the conſtruction of this chart, we e (hall 5 = the uſes 
of the plain chart; for as there are two ſea charts, from hence ariſes the 
_ diviſion of i in two. parts, vir. ms and Mercator” $ a 5 5 
we ſhall here treat of the firſt. „ 

Evety place is ſup 


ther, that di 
Gg „„ angled 


chart the meridians are ſtrait lines drawn pacllel to one 3 | 
ther; the equinoctial, and all the : 
Lincs parallel to one another; by this means the rumbs will be trait lines, 


the plain 
meridians, | 


ide of 60 1 rao 


Bie 1 1 the 25 | 


$5.18 he lain | Bobs 


poſed to have 5 axed and parallel of latitude, # f 
| and if tat dif drawn, and: likewiſe a ſtrait line from any place to ano- | 
r bath in latitude and ___— ; we ſhall then have a right © 
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228 V Srer. J. 
angled triangle, whereof the meridian will be the perpendicular, the de- 
parture the baſe; and the diſtance the hypothenuſe: Let the two places 
= A and Z, A gor Ze, will be the perpendicular; (Plate X.) à Z or Az, 
the baſe; and A Z, the diſtance upon the rumb line; and that A à is the 
f difference of dude and 4. Z the departure; betwixt A and Z, is evident 
by the definition of thoſe terms: The angle that is formed by the rumb 

line and the meridian, is called the courſe, which, correſpends ta che angle 
oppoſite to the baſe in trigonometry. 

As in Rigonomety there are fix 8 8 FE * are the . in plain 
failing; and the folutionsthe ſame in both, only changing the names of 
the parts. The hypothenuſe is called the. diſtance; the perpendicular 
+ called the difference of latitude ; the baſe is called the departure; amt. 
the angle oppoſite to the baſe, is called the cburſe. 
No here, as in trigonometry, . are four things, any two of which 
z bein given the other two may be fo 
| "The mariner Has e iyen, 1 — the courſe and dende; the 
former by. the compaſs, and the latter by the Leng and half minute 


To che end of ue le d hs PER a piece of wood, with as much 
lead at the lower end as will ſerve to make ee '$ in the water: 
It is Uiyidet' into knots, the diſtance betwixt the, khots muſt be exactly 
the 120th part ofa por hi and there muſt be r quantity of ine 


W : and che mark fro which'the $ to, be divid- 


ed; ſo that when the mark is at the ſhip's ſtern, the . may de clear of 
de eddy of the l The half minute glaſs is tarne 
- line vecred of the ree is ſtappe as'ſoon"ss the glaſb z qut: hi 
will gie the exact Ui 8 ce nka faited' in the Half wine; and 


jf the, continues at che fin "rate for a "whole hour, her diftance run "inthe 
Hour is Ad known; for the will g as many mites in the hour, as there 
ate knots tun out in the half mimte; this is the only method have 
to meaſtre the tiftance, and may be table to great errors unleſs the line be 

refally divided, en aQually Half a inte. 
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HE moſt hs way, and which is always uſed in pradtice, 
is by the table of difference of latitude and departure. 


This table gives, by inſpection, the difference of latitude and departure, 
to any courſe, for any diſtance leſs than 100 miles. 

In the uppermoſt rank are placed - the courſes Sou I degree to 45, 
including points and quarter points; and in the lower rank, the courſes 
from 45 to go; each courſe is divided into two columns; under lat. is 
the ee of latitude, and under dep. is the departure, and under 
diſt. is the diſtance correſponding to them; but when the courſe is more 
than 45 degrees, it will be found in the lower rank; and the difference 
of latitude over lat. and the departure over dep. 

We ſhall work an example in each caſe, by the logarithms, by 
ſeale and compaſſes, and by theſe tables, which will ſufficiently explain 
their nature : We ſhall likewiſe ſhew how to delineate un by the "Une 

ce A 8. E 1 * 2 


2 


© Given the e. and aner, 70 b. the difrence of latitude and + 


parte. | 
23H * XA M r L. E. 


A 05g 8 WE 60 miles. I demand the Iitad come a, and 


| A (Plate X.) 


This is exactly the ſame with the mn ee of trigonometry, and the 
triangle delineated in the ſame 2. only we make uſe of the line of 
rumbs to ſet off the angle by. | 

The line Senne d aan in dhe lune manner as the live of 

-chonldls from a quarter of a circle, Jivided into 8 equal parts, for points 


of the compaſs, and thoſe ſub · divided into quarters; the uſe of this line 
* to ſet off the courſe, which is always given in points of the compaſs, 


and not in degrees as in this example the courſe is five points from the 


meridian; therefore upon the line R T, from. the point R, deſembe an 
RT with the chord of 60 degrees, upon which ſet off five — taken 


82 2 > from 


— from go to 56 25 


* 
| " the difference of latitude. ert n Ade 
811 4 * FY * en 1105 = A "4 * F | Suh 
HEIARF 211114 3 Bc 2 1 Ren ee OH F© - 31083 37 t] $90 ASE 
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n , PLAIN SATLING.,. Cant 
from the line of rumbs; this might be taken off the line of chords, tho* 
not ſo exactly, becauſe of the odd minutes; being 56* 1 57, ſo that in all 

the caſes in navigation, we thall make uſe ol the line of rumbs, obſerving 


that the arch muſt be deſcribed by the chord of 60 degrees, to which 


that line of rumbs is adapted. We ſhall give no further directions for 
delineating the following examples, only refer to the like caſes in trigono- 
metry. In order to work them by the logarithms, the points muſt be turn- 
ed into degrees, for which there is a table to ind them nv by 9 3 5 
Points is 50% 15˙) then it will be. 


As the radius or fine „ — — 
Is to the diſtance 60 miles 5 „ er 
So is the ſine of the courſe 565825, 49. 22 
5 TO the departure 49. 90 miles *; +1.6 97997 
As radius — 3 10. 
Is to the diſtance 60 ads 5 5 e 
So is S. C. of the courſe 33 es HT 19744739 © 


To difference of latitude 33-3 miles / 01 en a 5 


By the table of difference of latitude and departure, the 4 4 is * 
than four points, therefore it will be found in the bottom, that is 5 
and in the column over lat. is 33-3, for the difference of latitude; _ 


z 49.9 in the column over * for the W both right aa 60 in 


the column diſt. 
By extending on Gunter's Goals, if the com be turned into degrees, 


it will be juſt the ſame as was in right angled triangles. 


But there are two lines on Gunter's ſcale, by which it os be done; þ 
one is marked SR, and the other TR; that is the fines and tangents of 


the rumbs ; and as the fine of 90 degrees, and the tangent of 4 ee 


are equal to the radius, ſo 8 points is for the radius on the line 


e romb, 
nd 4 Poiats for the radius onthe line tangent | rumd. 


72 44 N 


1 LY 


= For the dex arture R:S.5 points::60: 50 nearly. 5 0 
For the difference of latitude R: S 3 points:: 33. . Nb; 


Tere 1 
£48 F. 


The extent from nn 5 points on the line on will be the fame 
on the logatithmick line of fines, and will reach 
RNS 305 on he line of numbers for the departure; the extent from 
38 3 points, will be the ſame as from go to 339 4 on the loga- 
nh nick 3 and avill reach from 60 to 0 33-3 onthe Nine of numbers for 


43 340 - in! 6750 8 
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BH CASE M. 5 
hs Given courſe and 7 Fereure of latitude, to FP the Aftance and ee 


7 + A MP L E. 


A tip alls SE bs, ill ſhe alters her latitude 50 miles ; n 1 demand her 
diſtance and departure. 


This is exactly the ſame triangle with the Es * but what was the | 
difference latitude before, is now the departure 3 the proportion will be, 


As ſine comp. of the courſe, viz. 569 1 8 1 1 846. | 

Is to the difference of latitude 30 miles „197% 

So is the radius or ſine of 90 rie 

To the diſtance 60 miles 5 1.778151 

As ſine comp. of courſe or of 56 15 nw 29846 

Is to the difference of latitude 550 mites ger. 85555 11 444536 

So is the fine of the courſe 3 * 175. 2224722 1 9: 2285 p 
07 To the departure 33-3 mit es 2 + 1455698 15 en 


"ge the table of difference of 4 and departure, the courſe i is now 
three points, find it in the upper rank, and under lat. find g the given 
difference of ktituds; correſponding thereto under dil. is is 60, and under 
| dep: 4s: NA 251} £13 iert n 541: ry 1 80 711 

Bo 2 ſcale, gots poings: fine of 8 to: 50: 60 the extent 
Fears. 5 points to 8 points, on the line 8 R, wi my from 50. to 8 on 
the line of numbers and gives the diftance. 1 I 


Ma een TN Points: $06.3 pon ES ; 59.7 ys. * ITY) 


= x GAS E. . 4 1 
Cue curſe a aue. e the differone Aten 2 inc 


«wt 2 2M 2 . 521 8 X M. FL ee e 221A: Sp fu 
Ua S edel 115 EX N 707 L. Edel 23 Ie 


A chip ſails N W by W til iles to the Wefttvatt3 -Tüe- 

| 2 the diſtance 156 WY he he ge go. i this is a caſe that can ſcarce 
happen, and is tlie ſame with” the preceding): only calling what Was 

| ern of latitude in the former, in this the departure, and what was 

departure in the former} is now Uifferench of4atitude'; and then the 

7 eee oy n nene r Dan A ebeal}i __ 

3 8515 . 


«4 
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K AS E= I. | : 
2 GOT. 9 228 and Her ence of. latitude . demand tec cour ſe and 


Ef X, A; M. P. Ly Ec 


Fs 


* — 
A ſhip ſ⸗ ils betwixt the ſouth and weſt 60 miles and. finds b 90 FO 
ATT ſhe has made 50 miles 6d ithing 3 Tena the by 6, goo 
i delineate th the tria ngle as in pCaf 4 4 te angled Ws 5 506: 
Fr Bon , 09013 5011 81 70 847 na 1 owed nen eee 
As the diſtance 60 miles 5 aw ons p 
So is radius 25 ſine * VV 1 6 55 


To the 8. © of the courſe 569 15! 3 My 
So the courſe. will, be 8. W. os. che depa a vs will 6 "found by | 


Caſe I. or 2. U 9 A4 10 2111 2367 1 02 
-By the table fence of latitud? Key departure, turn over till you 
: find 50 in the difference of latitude column, and 60 in the diſtance column; 


and beczuſe 1 find 50 in the-column that has lat. at the top, the courſe 
wilt be there allo, Ha . points, that is S. W. b 8: and in the departure 
ebm E find 33.3 w . 010 5111 Ser e 1237700 3 1 < ># þ , 
By Gunter's =, the extent _ 69 to 50, on the Jing of ; 
will reach from: l points on the d eee 


"= & 0 93 TC en . 8 4 {3 my J £6 he 4 OF + anion 0 


| 4 8 E v. a een 16 fs | 
_ — þ at) £33 5 8431 Tt 

| Given = ai! 70 Andi he courſe and th a = 4 tude 

E X * M PD 1 E. . 


A tip Sl be n the bett und East 60 Hits til her depe parture is 
50. miles; I demand her courſe Nag difference of latitude. This is ex- 
actly the ſame with the preceding; and ſcarce happen, 5% we __ 


propecdita the. next. 91 EA 3 4 vd WIE 27? NN 


2911 14 * 33 255 x2 1 . a 2 24613 or ME i brig's 356.4 . 22 al: fit 11 5 


COW Aa 5118 2 92 3 2 52 1 : 2730? aff 7 i io 05 H : 


29 9 2807 It 18 < be * A.M "P., I. R. | N * ty 7 WE: . Fo 4 ys — 5 
* iſlands P and * . Pin 4o* 53 bed north te... 
th v7 g | | tit . N g 
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titude; Plicth to the weſtward of T 60 45% I demand their Thy: 
and diſtance, or which is the fame thing, what courſe muſt de a 
from P 90. T, and how many leagues diſtant; delineate the triangle as in 
A 6. trigonometry, and find the difference of latitude b) n | 


h turn to 7 off 26 to one degree, as in the operation SLY * 
A 32 ar * 0 3 ps 98 45 TEE TEN 5 
B 20 A 96 ER. - - 


EF 4 | X53 ' r 127 
1 — + . * 8 4 K * — 4 2 * 11 — " 9 +». * 0 8 q " 
* * -. PR > 
mw a 4 2 * A 
Po IJ. 8 4 
1413+ 1 401 (211 47 1 
2 + E - 


FT: EE 3% 704 od} Lo! oe, | Yew „inn Fi» 1 271411 
220 | NT, 21 } FE; 
4 135 „ 00 5 ; © 135 vpn 
161 '01 "2-515 for 43 nite = 


Fn ec di tac in Klee 4} canis 2%. 
; x 


The proportion is, | 7: 
As the difference of latitude 2 ak miles 2.372912 
1s tothe departure 135 miles en, I T B130334 
10. 00000 5 
Gade d s or tangent of 4 IN WH 12130324 41 * I OSS Ag | 
To the tangent of the courſe 292 46! _. 9.757422 | 
l table 6f diffetince of latltude and depatture, thele glimibers 1 2 
ras ge to be found in the t: w_ Nr take the quarterof each, fo 59 will | 
1701 the difference. 'of latiruge 1 'the departu re; find theſe in their 
roper columns,” and Eorreſpo din e in 155 diſtance" umn, "will 
be 68.9r 69 which n multiplied by 4. will give t "whole ande; and 
e the difference 1 05 f greater Fa RG, 
wilt be four d'to Pe ear 3 fps dog an 1 4 'Wh hich 8 
dil Ice corre elpor ding to Ence 105 Natit 930 220 departs 
85 N55 K w1 WW es 36s, and che courſe 
will S.W.- 2 de cc IV.. 
BY Cunter's Neale; dhe ex e hunter fm 119 55 2 
will reach 1 from the tangent_« 0 on to Zo, .or bo 8 1 he f 
tangents : | Now 101 know which 1 of f theſe 8/0 4 05 1 the 
which is greateſt, The eigner lathlide or "Ups J 1 91 if- 
5 ference of latitude be 4 reateſt, 10 gp in r 1 1250 in de les ; 
e AO We . e 


11 va W127 
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e e eee in) which ape e 
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234 Of antigen: TRAXERSE, Car. l 
the table of difference of . and en For it Wan be too te- 


le. a d eftio gor 1.3 N 


A e 1 i ig latitade, "* N. N. . Ty: leagues.the lit. 


A A ſhip - in 360 4 of. th dende, f ſails Nati he e N. and E, till ſhe 
gets into 34 500 "out latitude, and finds by the logs, the has run 6 3 
leagues; the courſe and departure is required. : 

Two iſlands A and B, A in 2 2' north latitude ; 7 in 5 16' ſouth 
latitude; B lies 256 leagues to the r of A; the — and di- 
ſtance is required. 5 

6 1160 THe oe 1 


3 


lers 8 . 29li:4 d REP ueerinns os 5 4115 2A : 


WE 0:19 E CG T. . 31 5 af rot 21 


07 90601 
of working a — or reduch kg; One. 
$54) 51. Jp As 9 045 10 ia 353; tf 
Px Fog, wh x prong with s prot har, 110; ex bearing and 
Ek of 297 rs, and With a compa 5.40 dire purſe, 


"Tx 5 he rla 85 te know TALON ewe we” have ward 
vanced 9 55 S 7275 OY ke eep an lac account X the di- 
ſtances, by ati 955 1455 Pi wmber. of miles failed 
the preceding. 24 ho + 10 


eg i | 98 e Nt f 
any [me we want ow 0 Ur, anc from the po We ate bound 
85 id! is 0 n 98 fey eral 105 } 2 80 e failed every. 24 hours, { 
ee g the ge 7600 the Whole 4 ' diſtance ; the. remainder. will b 
25 diſtance * wh lpm our gert; But. 180 its, impolſible to keep 4 1 * 
in her rect Huff a Py reaſorr of e contra Winds, the intervention of 
nds, Or various 7815 1 ay \ forces het” out of the direct 
courſe; It will be 'A ſolut neeffaty. to keep an exact account of every | 


at courſe and, d Gl 24 h urs; and then reduce all 
de different courſes and Kah Lo one : Bi is wht” is called 4 


. traverſe, and is 'anly lo ＋ different queſtions of the firſt caſe of plain 


. ; for after We fin Aiferences of latitude and departure, to e- 


particular Ae are in the fame yoarter of the compaſs, we may 
0 le all e e e into one; Which will b bethe Whale Ur 
2 | | 
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Skcr. I. Of workinga TRAVERSE. | 235 
rence of latitude, from the firſt port failed from, and the ſum of all the 
departures will be the whole departure; and having the difference of la- 
titude and departure, the courſe and diſtance is found by the laſt caſe of 
plain failing. If ſome of the differences of latitude be northerly, and 
ſome ſoutherly, add the ſeveral northings together, and alſo the ſeveral 
ſouthings ; if they are equal, the ſhip has not altered her latitude, if un- 
equal, ſubtract the leſs from the greater, the remainder will be the whole 


difference of latitude ; do the ſame by the departure when there are eaſt- 


ings and weſtings. The whole art of navigation depends upon keeping 
a correct and diſtinct account of theſe various courſes, and reducing them 
to one: For which purpoſe it will be proper to make a table of fix co- 


lumns, as the following : 


| Courſe. | Diſtance. | North. | South. | Eaſt. Welt. 
8 38 o. %o f, a +}: 8699 d. o 
8. E. b E. 42 fi ooh ,, ah . 
. 23 88 G0: 7 24] | 0.0 
hs 30 0:0 0.0 36.0 - 8 
ENCE. 6 B57 d. o 13.9 0. o 
N. W - 24 e 0.0 o 0 o 170 
W SV. 41,45 ae LS oof 157 
D PL | POE] Op GD buys 
J, 8.86 F., I 106. f , r WT 90 TT 


In the firſt are the Grand e in the ſecond their N 
eee, ; then by the table of difference of latitude and departure, find 
a difference of latitude and departure to every courſe: and diſtance, and 
ſet them down in their proper columns, ſum up all the northinge, is 


22.7 which ſubtract from 66.3, the ſum of the ſouthings; there re- 


mains 43.6 miles of ſouth difference of latitude; the ſum of che eaſtings 
is 128.8, from which ſubtract 32.7, the ſum of the weſtings; there re- 
mains 9611 miles eaſt departure. As this number exceeds the limits of 
the table, take half of it 48; take alſo half the difference of latitude 21.83 
che neareſt I can find to theſe two in the tables, is 21.6 and 48.4 in the 
column over 66 degrees, and in the diſtance column is 53. which doubled, 
: makes 106 for the whole dliſtan eee - 25019 
Buy this way of keeping an account, we may at any time. know the 
courſe and diſtance to the port failed from, which ſuppoſe in 300 
north latitude, and likewiſe the courſe and diſtance to the port bound to, 
which ſuppoſe in 299 18” north latitude, and 72 leagues to the eaſtward : 
Let the port ſailed from be A, and the port bound to B; the difference 
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of latitude will be 24 leagues, and the departure 72; the courſe will be 
nearly E. S. E. + E. about 77 leagues diſtant ; but after ſteering the ſe- 
veral courſes, as in the table, the ſhip arrives at C. I find by the pre- 
ceding calculation, the whole difference of latitude made from A to C, is 
43 6 miles ſouthing ; and the whole departure 96. 1 miles caſting; there- 
fore ſubtracting the difference of latitude made from A to C, from the 
whole that was to be made from A to B, the remainder will be the dif- 
ference of latitude yet to be made, and ſubtracting the departure' made, 
from the whole that was to be made at firſt ſetting out, the remainder will 
be what is yet to be made: And ſo having the difference of latitude and 
departure given, by them the courſe and diſtance is found. See the ope- 
ration. | | | 

Difference of latitude from A to B 72 miles 
Difference of latitude from A to C 43.6 miles 
. Difference of latitude from C to B 28.4 miles is 9 + leagues, 


Departure from AtoB ; 2826.0 miles 
Departure from A to C | 96.1 miles. | 


Departure to be made from Cto B 119.9 miles is 40 leagues. a 


: Tho neareſt I find to wry two in _ table of difference of latitude 
and departure are 39.9, andg.2; ſo the courſe will be 8. 77 W. 41 
rr 
By this it is evident, that it is firſt abſolutely neceſſary to know the 
whole difference of latitude and departure, that is to be made before we 
ſet out. Secondly, we muſt keep an exact account of the various courſes 
and diſtances ſteered, by which we may at any time know how much of 
our difference of latitude is made, and conſequently by ſubtraction we 
may always tell what difference of latitude and departure we have to make; 
— rg may be done without'a chart, by a table of latitude and longitude 
The geometrical conſtruction of a traverſe would be too tedious for 


: practice, but as there are ſeveral ſmall iſlands, rocks, and lands, laid down 
in a chart, that are not in the tables of latitude and longitude; it will not 
be improper, every day at noon, to mark the place the ſhip is in upon the 
chart; by this means we may have a view, not only of our port, but alſo 
of any rocks or ſands ; this is eſpecially neceſſary when we come near to 
the land; we ſhall therefore ſhew how this is to be done. 
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compaſſes with one foot in the parallel, and the other perpendicular to it, 
till it cut the arch in a; again with one pair of compaſſes, take the neareſt 

diſtance of the point z to a meridian, and with the other pair take the dif- 

ference of latitude 42, and deſcribe an arch from the point z as center, and 

move the firſt pair upon the meridian, till it cut the arch in p, Which is the 

place the ſhip is in. After the ſame manner we may find the place the ſhip 

is in every day at noon: When the chart is not very large, it may he 

done thus; let the ſhip be in S as before; firit lay a ruler acroſs the chart, 

let the edge be parallel to ſome eaſt or weſt line, and paſſing through 8 

mark the two points ee, where the ruler cuts the two lines that limit 

the chart, then take the difference of latitude 42, and ſet it from and 

e to o and o, and lay the ruler acroſs by theſe two points. It is plain the 

ſhip muſt be ſome where in the line 00; to find which, take with a pair 

of compaſſes the neareſt diſtance of the point 8, to any meridian; ob- 

. ſerve. where that meridian cuts the. edge of the ruler; from this ſet off 
; tte diſtance in the compaſles; by, the edge of the ruler to ; then taking 
the caſting aß, it will reach from #to P, which is the place the ſhip is in. 
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721 y great errors, for by making all the 


© ryan latitude equal to che equinoctial, the difference of longitude - 
-betwixt any two places will always be equal to the departure, whereas in 


"fac the difference of longitude, may be ſometimes double, or treble, and 
always more than the departure, except when the two places are upon 
the equmoctial. To illuſtrate this, let there be two iſlands A in 329 41, and 

B in 200 53”, both north latitude, and let their differente of longitude be 

7.15, or 145 leagues; that is to ſay, if there be a meridian drawn thro' A, 

and one thro” B, "their greateſt diſtance upon the equinoctial will be 

145 leagues; but theſe meridians continually. approach one another, till at 
laſt they meet in the pole, therefore their diſtance in the parallel of 20% 
S will be leßs titan 145 leagues ; let it hen be 135 leagues,/and m di- 
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Nance in tlie parallel of 32% 4 r/,::wilt be ſtill leſs than their diſtance in 
the parallel of 202 537, which ſuppoſe 121 leagues; the difference of la- 
titude from A to B, is 236 leagues, ſo if a ſhip at A fails 2 36 leagues 
due north, and then 135: leagues due eaſt, ſhe will certainly arrive at B; 

again if che fails from B 2 36 leagues due ſouth, and then 121 leagues 
due weſt, ſhe will arrive at A, but by the principles of the plain chart, 

ſhe muſt fail 1 35 leagues,' which makes an error of 14 leagues; and if 
the two places were more to wy e the error would ſtill be 
ea ant 10 Yom on 07; . 2 | | 
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Of the Principle 5 MER 0 A T 0 R J Chart 


'T; 0 remedy. this error, a new chart 8 3 in which. the ge- | 
1 grees of any parallel 1 ſhall have the ſame proportion to. the degrees 
of che meridian, that they actually have upon the globęe; but this muſt 
not be, by inelining the meridian, becauſe the rumb lines would make 
' unequal angles with them : The meridians then muſt continue parallel to 
dne al this will make a degree in any parallel, equal to a degree in 
the equincctial, 1 hich js a monſtrous error ; for a bene in the. Parallel 
* of "Ain is nde If. a degree. i in the quinodtial.; Theref, ore in N chart, 
the 7575 & 24 ,meridian that lies betwixt 59 and 60 300, muſt 
be double the degree that lies betwixt the 59) 9 and the Arlt degree 
upon the meridian, that is ſuppoſing, the parallel of latitude of one degree 
to be 60 iles diſtant. from. the equinoctial; then the diſtance betwixt. the 
parallel o 0 1 30's, and the parallel. of 60? 380 muſt be 120 miles: This 
1 Will occaſion the meridian to be unequally graduated, and ſuppoſe a paral- | 
lel of latitude be drawn thro' every degree of the meridian, the diſtances 
betwixt theſe parallels will be unequal ; that betwixt the firſt and the e- 
ON will be the leaſt, Fr it increaſeth the further the . is re- 
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5 wr of che * be are both great circles, to be 60 


1 1 INS and ſo the firſt 2 5 = the e digg will be bo miles; 
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tial, that the diſtances betwixt them may be all equal, that is 60 miles; 


but then the parallels begin to decreaſe very perceptibly, and therefore 
the diſtance betwixt the parallel of 5 and 6 will be 61, and the diſtance 
betwixt the parallel of 6 and 7, will be a little more, and ſtill increaſing; 
ſo the only difficulty will be to graduate the meridian. The firſt thing 


to be done, is to calculate how many miles will make one degree in any 
parallel of latitude, for which take this proportion: nt) 


As the radius, is to the ſine complement of the latitude, —ſo 260 0 

miles in a degree upon the equinoctial, to the number of miles that wil 

be contained in a degree in that parallel, or which is the ſame thing. 
R: S. C. latitude : : difference of longitude : departure. 


4 
* 


DEMONSTRATION. (Plate 11. Fig. 1.) 


Let ZZ be the latitude, then will Z P be the complement; Z = the 
radius of the _ is the ſine of the complement angle PC Z. Nav 


equinoctial. I | 1 
Tho this proportion be true, it would be a great labour to make tables 


SECT. I. MERCATORs SAILING. 24t 
fore the triangles are ſimilar, and CE: DE::CA:CB, but in Merca- 
tor's chart D E is enlarged till it is equal to C A therefore to keep the ſame 
proportion, CB muſt be enlarged till it is equal to CA, that is if C B be 
a degree of the meridian at the equinoctial, C A muſt be a degree of the 
meridian at the parallel FE ; by this means, it will be enlarged in the 
ſame proportion that a degree of a parallel is enlarged: Now let DE be 
the parallel of 30%, if 60 miles be a degree of the equinoctial; then 51.96 

ſhould be a degree in this parallel, as in the following operation; but it is 
enlarged to 60, therefore the degree of the meridian, that lies betwixt the 
parallel of 299 30, and the parallel of 30% 30% muſt be enlarged in the 
. fame proportion; that is 5r.96: 60: : 60: 69.28; for 60 x-60 — 51.96 
"= 69.28. (See the operation by the logarithms). The complement of the 


parallels is 60 degrees ; therefore 


As radius -10.000000 ) 60 miles 1.778151 
Is to line of 60 9.937331 1.228181 
So is 60 miles in the equator 1.778 151 3.550302 


To 52 nes in the par. . 32 miles 1.713682 
69.28 1.840620 


So. a degree ir in the meridian at the parallel of 30 degrees of latitude 
muſt be 69.28 miles, and that this 8 to the came of 30 * . | 


n appear one following. dpetations; 
' As radius 10. O00 | 
Is to the ſecant of 30 10.062469 
So is 60 miles N wm i 1151 
TO 69.28 miles 48050 | 


By the 2 manner, we may find the number of miles chat will make 
2» 5 of the meridian in any latitude ; but Mr Wright has conſtructed 
tables of meridional parts in ſuch an excellent manner, that the meridian 
by them may be very eaſily graduated. 

In this table, we find by inſpection the number of miles that any par 
rallel of latitude is diſtant from the equinoctial; ſo the parallel of 299. 
307, will be 1854 miles from the equinoctial, and the Nail of 30% 30. 
will be 1923 ; the difference is 69, which muſt therefore be a degree of 
the meridian at that parallel. 

The manner Mr Wright calculated this table, was by a continual ad- 

dition of the ſecants, which he calculated even to minutes, with the ut- 
moſt care and exactneſs; he aſſumed 60 equal parts for a degree of the 
| equinoQal, and ache firſt five degrees of the ns would- — 


4 


betwixt theſe two: 


242 OF MERCATOR's CHART. Cr. IV. 
one of thoſe equal parts each, becauſe if the radius of a circle be 60-equal 
parts, the ſecants of 1, 2, 3, 4, 5 degrees, will be ſo near equal to the ra- 
dius, that they may be accounted 60 each, ſo the ſum of thoſe ſecants 
will be zoo equal parts; theſe are called meridional parts, and ſhew the 
diſtance of the parallel of 5 degrees from the equatioctial: The ſum of 
all the ſecants from the equinoctial to the parallel of 299 3o*, is 1854, 
which is the diſtance of that parallel from the equinoQtial : Now if it be 
required to find the diſtance of the parallel of 30 30! from the equinoctial; 
find the ſecant of 30%, which will be 69, and this added to 1854, makes 
1923, which exactly agrees with the meridional parts in the tables, cor- 
reſponding to 30% 30“ latitude. Having thus ſhewn the conſtruction of 
the table of meridional parts, we ſhall now ſhew its uſe in making” 
| Mercator” 8 chart. ö . 
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\HI 80 ny be Mads to contain alb the known parts . whole 
world, which is called a general: chart, or to contain only a part 

of it, which is called a particular chart; and as they are both projected 
in the ſame manner, we ſhall only ſhew: how to make one from the lati- 
tude of 30 degrees to the latitude of 60 degrees, and to contain 44 degrees 
of longitude. Draw the line A B, to repreſent the, parallel of 30 degrees, 
which, make Feu, equal Parts, bein the miles in 44 degrees, upon the 
equino&tial, 6 rin any Patel of Kae the draw the e Ferenc 
CA and D ko to repreſetit two meridians ; ; and to find the parallel of 60 
lock for it in 'the table of meridional parts, from which 3 the trikti 
dional parts of the paral . of 30 3 Ache temainder will giv e the diſtance 
Hels, as in' the Faw e it is 2640, 


8 off Als ame ſeals of Fen Se hou wy 1 5 Stn 
7 IA Eng 2 . 
| | 4 1842713 LITE 604528; - $325 23 1H 117 n 5 ? 
. _ 301888 5 At Ws eee ! 
-bg 1 103 2 N TT Hf TE 5 "4 5 2640 N 4 Fg 19117 165 if? > 


boch! A 'C, and' Ps B to D, and draw dhe lie D, 0 Kpretent the 
parallel of 60 degrees, thus the chart" limitel : then draw another me- 
Ta any where at xt pleaſtirs, to meet the Kaen A BAHdi»d DOD 

| This 
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This is called the firſt meridian, where the longitude is ſuppoſed to be- 
gin; from which graduate the parallel i into degrees both ways, and at every 
tenth draw a meridian, as in the draught where they are numbered 10 
200, &c. on each fide of the firſt meridian 3 then graduate the firſt meridi- 
an into degrees; and at every tenth draw a parallel numbered 30, 40, 
Io, 60. Now to find the number of equal parts, or which is the fame 
IE of equinoctial miles betwixt theſe parallels, proceed thus : 


Lat. Mer. parts. Diff. 


Tt bo 4528 
2. 1888 4% 
50 3475 5 
30 1888 1587 
40 2623 
30 1886 735 


In the firſt column are the degrees of latitude; in the ſecond, the cor- 
reſponding meridional parts; and, in the third, the diſtance of each pa- 
rallel from the parallel of 30 degrees. We muſt proceed in the ſame 
manner, to find the diſtance of each degree from the parallel of 30, or 
from one another, and where the ſcale will permit, the degrees may be 
divided into minutes; the meridians A C, -and BD, may be graduated, 
alſo the parallels A B, and C D, and the places laid down according to 
their true latitudes and longitudes ; or if the places be actually laid down 
their true latitudes and longitudes may be found, and alſo their bearings 
and diſtances by the following problems. | 


PROR 1 
Hills the latitude and ee of a place; to find it upon. the 


chart. 


I want to find this Livni: which, by u * tables, is in 50 degrees north 
We and in o longitude. 50 
| Look on the graduated meridian for 50 degrees of latitude, where, in 
this chart, there is actually a parallel drawn, and becauſe the Lizard has 
no Ee. it will by at the interſection of the firſt meridian ng that 


parallel. 
E xðx A M P L E LA | 
I want to find the iſland of Madeira in the chart, whoſe latitude i is 1380 
17 north, and longitude 129 87 weſt. 7 
Look on the graduated meridian 7 32" 17'; * with a * 
paſſes 
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. paſſes take the neareſt diſtance of that point to any parallel of latitude z 
And upon the graduated parallel 120 8!, on the welt fide of the firſt me- 

ridian, and with another pair of compaſſes, take its neareſt diſtance from 
any meridian; move both compaſſes, keeping the foot of the firſt in the 

parallel of latitude, and the other in the meridian, till the other two feet 
of the compaſſes meet, which will be the place required; obſerving to 
move the compaſſes ſo that their points be parallel either. to a meridian or 
parallel. Or it may be done as in the plain chart, by laying the ſtrait 
edge of a ruler acroſs the chart, arallel to ſome eaſt and welt line, to 
interſect the meridian in 320 175 the given latitude ; then with a pair of 
compaſſes, take 12085 the given longitude, which ſet off by the edge 


bol the ruler, from the point where the ruler interſects the firſt meridian; 


this will give the place required, 


PROB. I. 


To find the latitude and longitude of any place 3 in the chart: This is 
only the reverſe of the former. 
Det the latitude and longitude of Madeira be required. | 
With a pair of compaſſes take its neareſt diſtance to any parallel of la- 
titade, which ſet off from the inter ſection of that parallel, with the gra- 
duated meridian, and it will be found to be 320 177. 

For the longitude, take its neareſt diſtance from any meridian, which ſet 
of Rom thatineridian upon the graduated PRA, and it will give 129 8, | 


P R O B. III. 


To find the bearing and diſtance of any two places emp the chart. 
The <ourſe is found in the lame anner as upon che plain chart. | 
Ihe diſtances in this chart cannot be meaſured, as on the plain chart, | 
at once, by a ſcale of equal parts; for a degree of the meridian upon the 
25 obe, is at all places equal to a degree upon the equinoctial; and there- 
ore if two places Iie in the ſame meridian, their proper difference 0 of latis 
Wenn 25 | 


* 


B , e e e 
| Required the diſtance from the' Lizard in 50? o“ north, and o longitede 
| to an iſland i in 3247 — Tiers, Laſh ka 


Lat. $6 of. $47 r Fans An Nandin ' 32 
329 17 20 oft. 17 Nr 
Marideral cifierttior * | 2 "1427 miles ä bo miles 


1063 miles : 
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Now tho' the real diſtance betwixt theſe two parallels upon the earth be 12 
1963 miles, yet upon the chart it is 1427; ſo in this chart the diſtances. . 


are not truly {et down, except the places lie under the equinoctial, but there 
is a certain method of finding the true diſtances, hy alf a On: in 
the chart ; which admits of four different caſes. 5 | 


EA SB 41; 


If the two places lie under the ſame meridian, then the proper dicke 
rence of latitude turned into miles, 18 the real diſtance, as in the afore- 


faid 1 25 
| E 


If bach places lie 3 the equinoQial, then the dhe is 2 mea- 
fured upon the equinoctial. | 


5 III. 


titude. 

In all Ates baten s charts there is 4 ace 05 this is to be found, 1 
when the places are at any conſiderable diſtance, it will be wy ed, 
as will appear in the following example. 


E x 1 M.P.L-Þ 


Let the two places be in the parallel of 50 o, and their difference of 
longitude 42 degrees, which is 2 520 miles, and is the real diſtance betwixt 


them upon the chart, when meaſured upon the equinoctial, or gradua- 


ted parallel; but their true diſtance upon the parallel is 1620 miles, 

which will make 42 degrees of the parallel of 50 o, tho” it will take 

0 586 miles to make 42 degrees upon the equinoctial, for R : ſine of 40 

:: 2520: 1620; ſo the true diſtance in the parallel is 27 equinoQial de- 
rees. 

: 1 The chart directs to take the diſtance betwixt the two places with a 
pair of compaſſes, and apply it to the graduated meridian, in ſuch a man- 


ner, that .one foot may be as many degrees above, as the other is below. 


the parallel; the degrees intercepted between the feet of the compaſſes, 
allowing 60 miles to one degree, will, according to their direction, 
the true diſtance in the parallel; ſo that 2520 miles taken upon the equi- 


noctial, which is the real diſtance upon the chart, ſhould reach in the 


graduated meridian from 36* 30% to 63* 305 the one being as much 
1i 2 | above 


o 4 2 . I 
4 4 . 


To find the diſtance of two. places lying in the ame parallel of la- 


- 
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above, as the other is below the parallel of 50 of ; for the true diſtance 


in the parallel is 27 degrees, the half of which, 13* 30”, being added to 


50, gives 632 30“, and ſubtracted from 50, gives 36? 30/7; but the diſ- 
tance betwirt theſe parallels upon the chart is 2617 equinoctial miles, 
as by the operation, which will occafion an error of 997 miles. 


63 30? 4972 meridional parts 
36 30 2255 
/ 8 825 difference. . 
To remedy this, inſtead of the former, take the following method. 
Rule. Open the compaſſes till one foot is half a degree upon the meri- 
dian below, and the other foot half a degree above the parallel of latitude; 
count how many times that extent is contained betwixt the two places, 
which will give the number: of equinoCtial degrees betwixt them, and mat- 
tiplied by 60, it will give the true diſtance in miles betwixt theſe two 
places upon the earth, if taken in the parallel; which tho' not the neareſt, 
as was before obſerved, yet is the ſhorteſt that can he made by ſteering upon 
one point of the compaſs: In the following operation we ſhall ſee how 
near this comes to the truth. A degree upon the graduated meridian at 
the parallel of 50* o, ſhould be equal to the ſecant of 50 degrees, ſup- 
poſing the radius to be 60 miles; then R: ſec. 0: : 60: 93.34. 


IS OE NS nb 6 
| .Logarithm. _ 27 
Sec. 30% _10.191932 65335 
> 6o'males:: 178161 18668 
93.34 miles ＋ 1.970083 2520.18 


When the two places differ both in latitude and longitude, to find their 


diſtance. - fre 


* 


__ » Rake. iſt. Lay the edge of.a ruler to touch the two places. 


2d. Take their proper diff. of latitude, with a pair of compaſſes, upon 


the equinoctial; apply this diſtanee to the edge of the ruler, ſo that when 


one foot is placed cloſe to the ruler, the other foot may juſt touch ſome 
eaſt and welt line, croſſed by that edge of the ruter, and there ſtay the 
compaſſes ; the diſtance by the ruler's edge, from the place where the 

paſſes reſted, to that place where the ruler croſſeth the aforeſaid eaſt 


- 


and weſt line, .meaſured on the equmoctial, gives the true diſtance, _ 


E x- 
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E X A M P L E. (Plate XIII) 

Let the two places be the Lizard and Madeira. | 
| Lizard 509; &f 
Madeira 329 177 
Difference of latitude 17“ 43“ 


The ruler being laid upon the two plaees, take the difference of lati- 
4ude 170 43 “/ from the equinoctial, and when applied to the ruler as be- 
fore directed, one foot of the compaſſes will be in the point , when the 
other will juſt touch the parallel of 50 in the point c; ſs the diſtance 
from 6 to the Lizard, meafured on the equinoctial, will be near 20 de- 
grees, is 400 leagues, the true diſtance from the Ligard to Madeira; and 
the courſe S, S. W. almoſt half W; the diſtance would be the ſame, if 
the difference of latitude were taken from the point L, to touch the pa- 
rallel of 60 in H; for then LM would be the diſtance. | 
It muſt be obſerved that by the diſtance is meant, that which is made 
an the rumb line from one place to another, which will not be the neareſt, 


p ROB. IV. {Plate XIII) 


The courſe and diſtance given, alſo the latitude ſailed from, to find the 
difference of latitude, departure, and difference of longitude. . | 
The difference of latitude and departure are found exactly as in the 
plain chart, which we omitted there, judging it properer to inſert it here. 
Let the place failed from be A, in the latitude of 30“ O north, and the 
cout, N. E. BN. h % ! » Em a: Fe 
Rule. Firſt, thro? A draw a meridian. and parallel of latitude. Secondly, 
- with the chord of 60 degrees, deſcribe an arch, on which ſet off three 
points, the given courſe, and draw the line A H, which make 192 leagues, 
the given diſtance. Thirdly, .From H, let fall to the line AC, the per- 
-pendicular HF. AF meaſured on the equinoctial, or graduated parallel, 
will be 160 leagues, the difference of latitude ; and H F meaſured on 
the ſame, will be nearly 107 leagues, the departure. 55 
This may be done without delineating the triangle, thus: Firlt, lay a 
ruler through the given place A, parallel to ſome N. E. b N. line. Se- 
condly, Lay off 192 leagues by the edge of the ruler from A to H. Thirdly, 
Thro H lay the ruler parallel to an caſt and well line, to interſect the gra- 
duated meridian ; the diſtance from the ruler to 307 in the graduated 
meridian, will be the difference of latitude, obſcrving to meaſure it 2 


„ 


34 MX KS 
4 S 


ad 
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the equinoctial, the diſtance muſt likewiſe be ſet off from A to H, in. 
equinoctial leagues. To find the departure, Firſt, with a pair of com- 
paſſes take the neareſt diſtance of the point A, to any meridian. Secondly, 
ſet off that diſtance by the edge of the ruler, (now paſſing thro' H, and 
parallel to an eaſt and weſt line); from the point where the ruler inter- 
ſeas that meridian, the diſtance of that point from HH, meaſured on the 
equinoctial, will be the departure. | | 
To find the difference of longitude, it will be neceſſary again to remark, 

that if a ſhip fail any determinate diſtance upon any particular rumb, the 
difference of latitude and departure will always be the fame in whatever 
latitude the tis in; for if the place failed from were in the parallel of 48*; 
or 46, the courſe and diſtance: the fame as before, the difference of 
latitude would ſtill be 160, and departure roy, as inthe triangle K LM, 

% G-o irnichts V 

Now, tho” ſhe alters her latitude equally in both places, it will not be 
ſo in reſpect of the longitude. e e 

By the plain chart, when ſhe fails from 30˙, the point H at which ſne 

arrives, Wil be in 38%; and when ſhe Jails from 48?, the point Mat 
which ſhe arrives, will be in the parallel of 40. But in Mercator's chart, 
the point H is in the latitude 36 41/, and che point M in the latitude of 
44 0%; ſo that neither of theſe points is the true place upon Mercator's 
chart that the ſhip arrives at. In order to find the true place, produce 
the line A H, to interſect the N of 38 in the point K; produce 
alſo the line AF to G; K will be the place come to; K G the difference 
of longitude; H F, the departure; AF, the proper difference of latitude; 
A G, the meridian difference of latitude : But tho' K be the place the 
ſhip is in, A K is not the true diſtance, but it may be found by the pre- 
ceding problem: When ſhe fails from the parallel of 387, the true place 
O, at which ſhe arrives, is found by producing the line K M to O, in 
the parallel of 46* of : Produce alſo the line K L. to N, then will NO 
be the difference of longitude ; LM, the departure; L. K, the proper 
difference of latitude; K N, the meridian difference of latitude. The 
difference of longitude in the firſt will be 388 miles; in the laſt it will 
be 433, being both meaſured upon the equinectial; this ſhews the ne- 
ceflity of knowing betwixt what latitudes any departure is made, be- 
fore the difference of longitude can be found; and that, in order there- 
to, the firſt thing to be done, is to find the departure, as directed in plain 
ſailing, and then the difference of longitude may be found as here direct- 
ed; the reaſon of which will appear by carefully examining the princi- 
ples by which Mereator's chart is conftruted. For tho', in this chart, 
the degrees of the parallels of latitude are apparently equal to the 3 8 
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of the equinoctial, yet if they be meaſured as directed in Caſe 3. of the 
preceding problem, they will be found to retain the ſame proportion to 
the degrees of the equinoctial in this chart, that they actually do upon the 
globe. Now the diſtance'of any two places i in any parallel is their de- 
parture, and the diſtance of their meridians, on the equinoctial, is their 
difference of longitude equal to their apparent diſtance in the parallel 
on the chart; but when a ſhip alters bode er latitude and longitude, the 
departure cannot be-ſaid to be made either in the EY failed from, nor 
in that come, as was obſerved before. 

Let us then ſuppoſe the departure to be made in that parallel of latitude 
that lies in the middle between the two, v2. in 34% Now a degree of 
the enlarged meridian at this parallel is 72.4 ; for 2207.8 is the meridio- 
nal parts to 34 30% and 2135.4, the meridional 7 fot 337 3073 the 
difference is 72 4, which multiplied by 5 21 (the d in the de- 
parture) gives 387 miles, or 129 leagues, the difference of longitude. 

This is what is called middle latitude failing, which tho' not ſtrictly. 
true, becauſe the diſtances betwixt the parallels of latitude on the meri- 
dian are not in a continued geometrical proportion, yet in a ſhort run there 
can be no conſiderable error; we ſhall therefore in the next ſection work 
the problems of Mercator's n both by the MT parts, and 
middle latitude, + 
There are two lines'on 1 Gunter's (cal, one of que wirth ; marked E P, 

which may ſerve to graduate the equinoctial; to this is 2 — another 
line marked Mer, which ferves to 1 the meridian ; and by theſe 
 Mercator's chart may be conſtructed. Now to find the diſtance betwixt 5 
any two parallels by theſe two lines; as fer inſtance, betwixt the paral- f 
lel of 30, and the parallel of 60, extend from 30 to 60 an the line Mer. 
meaſure this on the line EP, i is 44 ee n 


_ © E CT. =. | 
CONTAINING: THE VAR rovs CAFES. ; 
- e 2 ET (Plate xn) 


TAving in the former lesion en downs Sate Mercater's 
chart, and the uſe of it in navigation; we ſhall now ew how to 
And all that is neceſſary for themmartner to know without che chart; this 


= at is called Mervator's ſailing; - which e the knowledge 
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of plain ſailing: The only defect of which is, that, by the plain chart, 
the difference of longitude cannot be found, and tho Mercator's chart 
gives the F of ee, the: wi nw n. * 4 found ond 
the "un ut. 5251 


The latitud ana MPT of two ples wing 425 to find thelr om 
rance and diſtance. 


n 9 P Pa (Plate Ill) 


| I demand che coutfe and. diſtance from 83 Lizard to Madeira. 
| Latitude N. Longitude W. 5 5 


J 2ST... 50⁰ 0 3474 
5 Madeira TI 1: 15 7 0 3 . 2048 
„ 4 We 43 4 FT med ar f of lat. 1497 | 

” { 50 * > uh 1A k . 


op Aker # lar. 1063 7-8, difference, of longitude.” 


_ . To delineate tee 1ſt. Fiad by the table of meridional parts the me- 
ridional difference of latitude 1425, which fet off from L to /. ad. At 
I draw a perpendicular to LI, on which ſet off the difference of longi- 
tude 728, and draw the line J. 3d. Set off the proper difference of 
latitude 1063 from L. to G. 4th. Draw the line 4 parallel to /; 

3 b will be the departure; L by the diſtance ; the angle / Ln, the courſe. 

The triangles.L'/ m, and 1. b b, are fimilar; therefore L/: Im: LG: 
6b, that is the meridional difference of latitude is to the difference of 
longitude, as the proper difference of latitude is rr rn Eons 


As the meridional difference of latitude 1427 . 
Is to the proper difference of latitude 1053 3. 3 3 


So is the difference of nag: 728 2.862131 
| py ip © + 5.888664 
_ To the N 4 1572 3 2.734240 


Bye Gunter s ſcale, the extent b rom 1427-to 106g, will Teach from 728 
to 542 on the line of num 

The departure being thus found, the courſe and diſtance may be found 
by the 6th caſe of plain ſailing; or without the departure, the courſe 
may be found by this proportion, as the meridional difference of latitude 
is to the difference of longitude, ſo is the radius to the tangent of the 
courſes The extent from 1427 to. a8, or from 1063 to 542.33 if taken 
on the line of numbers, will teach on the tangent line from 45 to 250 20. 
See Zhe pg F As 
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As meridional diff. of latitude 14727 3.134424) Prop. diff. of lat. 3.026533 


Is to the radius or tangent of 45  10.000000 | Radius 10.000900 
So is the difference of longitude 728 2.862131 ( Departure 12.734240 
— —  __© 


To tang. of courſe 272 28. S. W. z W. 9.707707 J Tangent 277 2. 9.70% 


The courſe bzing thus found, the diſtance may be found by Caſe 2. of 
Plain Sailing. Thus S. C. of 27” 2': R; difference of latitude roy = 
diſtance 1191. 

To find the departars by the middle latitude, add the two latitudes, 
the half of which ſubtract from go, gives the complement of the mid- 
dle latitude; ; then R: S. C. latitude : : difference of longitude : departure, 


Lizard 50.0 J As radius 10.000000 
Madeira 32. 17 Is to ſine 48. 32 9.876899 
Sum 82417 \ Diff. of long. 728 2.862131 
Tat 41.8 4:2] e 543. 2 . eee 
Complement : 48.52 52 _ | 


Gunter s ſcale; the extent from Fo) to 49 on the line of fines, will 
reach from 728 to 548 on the line of numbers. 

The difference betwixt the departure, by this and the preceding, is on- 
ly 6 miles, which is ſo ſmall, that it will make no difference in the diſ- 
tance and bearings. 

The departure may be found im the table of diserenee of latitude and 
departure: Thus look for the complement of the middle latitude as if it 

were a given courſe, and for the difference of longitude as if it were the 
diſtance failed on that courſe ; the departure correſponding to that courſe 
and diſtance, will be the true departure required. Here the complement 
of the latitude i is 49 neareſt, which find in the table. But the difference 
of longitude'exceeds the diſtance i in the tables, therefore take -100' ſeven 
times, and then 28; now againſt 100 in diſtance column, is 75. 5 in the 
departure column, which maltiplied by 7, is 528.5 to whic 6 add 21.1, 
the departure correſponding to the Magee 28, makes 549-6 for the 
whole departure. 

The reaſon of this is, becauſe, if in a right 40 15d langle, if the an- 
gle be made the complement of the latitude, the hypothenuſe will be the 
radius, andthe baſe the ſine of the angle; but the 84. ona, my be 
called the 9 and the baſe the PN 


PROB, *I. 


, Both latitudes and depart given, to fn the "digs of loggt | 
K k 3; KADLILIDS ik i £539 Nu. 


* „* 3 
4. 
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Rule. Find the proper and meridional difference of e as in the 
former, and the proportion will be, as the proper difference of latitude 
is to the meridional difference of latitude, © is * departure to the diffe- 
rence of longitude. 


EX A FE. ©: (Flare XML) -- 
A ſhipin latitude N. 49 10% and 15* 22! W. longitude, fails N. N. 
E. 4 E. till by a good obſervation ſhe is in the latitude of 529 40. I de- 
mand the longitude come to. 


Latitude come to 52.40 3731 meridional parts 


Latitude failed from 49.10 3397 : 
Prop. diff. of lat. 70 lea. 3.30 334 merid. diff, of lat. 111 leagues | 


The departure by the tables will be found to be nearly 42 leagues. . 

To delineate this. 1ſt. Make the line ad 50, and a6 111, by any 
ſcale of equal parts, and draw the perpendiculars & c and de. 2d. Make 
4e 42, and draw the line 2e, which produce to c; and then ae will be the 
_ diſtance ; de the departure; 5c the difference of longitude; a'd the pro- 
per difference of latitude ; a 4 the meridional difference of latitude. 

Note. This is by a larger ſcale than that by which the chart is made, 


As 70 proper difference of latitude | 1.845098 _ 
Is to 111 meridional difference of latitude „ 045323 
So is the departure 42 Ee 4.623242 Y 
To difference of longizude 66.6 1 1. 123474 


By Gunter's ſcale; extend from 4 9 100 to 529 go! upon the 3 
lino: This upon the ine E P, will be five degrees, and ſomething more 
than a half, makes 3 34 miles,” the meridian difference of latitude : The 

_ difference of latitude is 2103 men 1 Then 


Ai. lat. Depar. Mer. di. lat. Dif. long, 
210 : 126:: 334 : 200 nearly. 


By the middle latitude 8 C bad lat.: R:: dep. :D legte. 


529 407 7 £74, ; nh As ſine of 399 57 9. 799651 
e Is co radius 10,0000 | 
101 50 ſum So is 42 departure 17. 623249 
50 55 middle latitude To diſ. of long. 66 52! 1.823598 
39 z comp. middle latitude | 1 


By Gunter's ſcale; the extent fom the ſine of 39 to 99, will reach 
from 42, on the eee, to 66 LD | : 5 
y 


/ 
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By the table of difference of latitude and departure find 39 degrees, 
and in the departure column look for 42.2, againſt which in the diſ- 
tance column is 67. | | | 

There are ſeveral other problems commonly inſerted in Mercater's fail- 
ing, which we ſhall omit; for all that is neceſſary to- be known, is the 
latitude and longitude of the place, which may be had every day at 
noon ;. the latitude failed from the day before, the latitude come to at 
noon, and the departure made the laſt 24 hours, are found as directed in 
plain failing, and the difference of longitude by Prob. 2. of this; and 
the latitude and longitude. being found, the courſe and diſtance to the 
port bound to, are found by Prob. 1. 5 

And as to what is called parallel ſailing, it is in effect the ſame as mid- 
dle latitude; for when a ſhip fails in any parallel of latitude, the latitude 
ſailed from, and that come to, are the ſame, and of conſequence, the 
parallel the ſhip ſails in may be called the middle latitude, and the di- 
ſtance ſailed may be called the departure, by which the difference of lon- 
gitude may be found as in the preceding problem; one example will be 
ſufficient to illuſtrate this. | 

Suppoſe two iflands, in the parallel of 509 557%, and their diſtance in 
that parallel 42 leagues; required the difference of longitude, 

It is plain that the diſtance here is the departure, which being the 
ſame as in the laſt problem, the operation will be exactly the fame as in 
that; and if the difference of longitude were given, ſuppoſe 30 205 their 

diſtance in the parallel may be found by Prob. J. | 
In order to oonſtruct this geometrically, let the globe be ſuppoſed to 
be cut thro' the plane of the equinoctial, and the meridians and parallels 
of latitude projected 1 upon this plane; the equinoctial 
8 


and parallels would be concentrick circles, of which the pole Would be 


the center; the meridians would all be ſtrait lines interſecting one apo- - 


ther in the center, and ſo the radius of the equinoctial would be one 
quarter of the meridian. The radius of any parallel of latitude would be 
the ſine of the complement of that parallel, or its diſtance from the pole, 
and the ſine of the parallel would be that part of the meridian intercepted 
betwixt the parallel circle and the equinoctial; this being premiſed. iſt. 
With the chord of 60, or fine of go, deſcribean arch, or circle as in (Plate. 
XI. Fg. II.) 2d. From any point H, ſet off the given difference of lon- 
gitude 67 leagues, to F, and draw the chord H.F, and radii C F and 
CH. za. With the fine complement of the latitude, viz. 390 5 from 
the center C, deſcribe the arch RM; the chord R M will be the 
departure required, For the triangles CHF and CRM are ſimilar, 

| . | there- 
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therefore C H, the radius, is to H F, the difference of longitude, - as 
CR, the ſine complement, is to R M, the departure. If you have 
no line of fines, lay off 50 555 the given latitude, by the chords from 
H, both ways upon the equinoctial, a ruler laid acroſs by theſe two points, 
will interſe& the meridian C H in R, and C R will be the radius of the 
TJ cc | 499515 
leg ue dimmer in che parallel to find the difference of longitude: 
To delineate this, is only the reverſe of the former. 1ft. With the 
fine complement of the latitude, from the center C, deſcribe the arch 
RM, making the chord R M equal 42 leagues, their given diſtance in 
the parallel. 2d. With the fine of go, or chord of 60, deſcribe from 
the center C another arch, and produce the lines CR and CM to in- 
terſect that arch in the points H and F, fo ſhall H F be the difference of 
longitude. DTS 0 3 Sth | S109 IO? 2, 
Me have now explained the fundamental principles of navigation, and 
ſhewn how to ſolve all the problems, and various caſes of plain; Merca- 
for, middle latitude; and parallel failing, that are neceffary for keeping a 
\ reckoning ; and as to great circle failing, it may be ſaid to be impracti- 
cable, at leaſt by any ſea chart; for the arch of a great eircle makes un- 
equal angles with all the meridians; and how to deſcribe ſuch a curve 
upon a chart, wherein all the meridians are parallel to each other, ſeems 
if not impoſſible, at leaſt ſo difficult, that the benefit ariſing from thence 
would not compenſate the labour; for, ſuppoting it actually deſcribed, 
there muſt be a new invention te direct a ſhip in that curve, for it can- 
not well be affirmed: that it could be done by the compaſs. We ſhall 
therefore omit this, and proceed to the application of what has been ſaid 
to the actual keeping af a reckoning, which ſhall be ſhewn in the next 
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7 find the Latitude and Variation of the C abode by celeflial | 
Obſervation, and how to keep a Reckoning at Sea. 


S,, 


7 0 work an Obfervation,. and how to fond the. Z enith diftance by Davis's 
Waarant. (Plate XI. Fig. IV. and V.) 


HIS inſtrument conſiſts of two arches both drawn from one cen-- 
ter H; to conſtruct which, upon the point H raiſe H Z perpen- 

dicular to H 0; with the radius HS deſcribe an arch 8 F, which make. 
60 degrees ; with the radius H G,. deſcribe- another 4 G K, which 
make 30 degrees; number the great arch, beginning at its interſection 
with the line H O, to 30 upwards; number the little arch from i its inter- 
ſection with the line Z H, increaſing. down to $04 ; ſo that both toge- 
ther make go degrees. 

It has three vanes, one faxed immoveably, at 7. _ a ſlit in it, this 
is called the horizon vane ; another is fitted to move upon the great arch, 
With a hole. which muft be put to the obſerver” s:eye, thro' which, and 
the lit in the horizon vane, the horizon muſt. be ſeen ; this called the 
fight vane ; the third is fitted to. move upon, the ſmall arch, it is called 
the ſhade, vane, becauſe the ſun:throws. its ſhadow. upon. the horizon 
vane: Theſe two vanes, mult be ſo placed, that the obſerver ' may | ſee 
the ſhade exactly upon the upper fide of the flit, at the ſame time that he 
ſees the horizon thro the lit, and counting the degrees upon both arches, 
their ſum: will be the. zenith diſtance | 

To prove this; from the center H deſcribe the ſemi-circle A Z M D 0 
to ig repreſent an azimuth circle; A the horizon; Zthe zenith; & the ſun. 

Place the fight vane at o degrees, on the great arch, and when the hori- 
Zon A is ſeen thro the ſlit at H, the perpendicular Z H, from the zenith, 
will cut the little arch at o degrees: Let the ſun be at ; it is plain the 
angle Z H &, is his zenith diſtance, which. meaſured by the little arch, 
is 40 degrees, being the place. where the ſhade vane is. placed : But be- 
cauſe the arch will not admit of being divided. into minutes, let the ſhade 

H. 
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H © ; cut the little arch at 15 degrees, and then the line H O will cut 
the great arch at 25 degrees: Produce the line HS to M; it is plain the 
angle Z HM, added to the angle M H &, will be the ſun's zenith diſ- 
' tance; to meaſure the angle Z HM, draw the line H G perpendicular 
to H 8, it will cut the great arch at o degrees; the fight vane muſt be 
placed at K, to ſee the horizon A, thro” the flit which will be 25 degrees 
on the great arch, but the angle G H O is equal to the angle Z H M, for 
the angles MH G and Z H O are equal, being both right. Therefore 
taking the angle M H O from both, the remainings Z HM and G H O 
will be equal; therefore the degrees on both arches being added together, 
will be the zenith diſtance, which being had, the latitude will be found 
by Chap. II. Sect. III. Prob. I. . 1 
" The beſt inſtrument for taking the altitude at ſea is Hadley's quadrant, 
but as there is a ſmall pamphlet explaining the nature, uſe, and the the- 
ory on which that curious and uſeful inſtrument is founded, given gratis with 
it wherever it is ſold ; it will be needleſs to give a deſcription of it here. 
After the latitude is thus found by a good obſervation, if it agrees with 
the latitude by the account, it may be prefumed that your longitude by 
account is true; but if there be any conſiderable difference, it may be 
feared there will likewiſe be an error in the longitude ; to corre& which 
there can be no certain rule, becauſe it is uncertain whether the error is 
in the courſe or diſtance; for it muſt always be ſuppoſed, that the artiſt 
has given all the proper allowances in caſting up the the day's work, and 
frequently examined the log line and glaſſes, and likewiſe taken all op- 
zortunities of examining the current, and comparing this with his former 
journals: If after all this the obſerved latitude, and that by account do 
not agree, the only thing that can be done, is to let the longitude go as 
by his account, or make a remark what the longitude would have been, 
provided the error was in the courſe, and ſuppoſing the diſtance true; 
and likewiſe what the longitude would have 8 were the error in the 
diſtance, and the courſe true; ſo that it may be preſumed one of theſe 


three may chance to hit. | | Ds bes 
If a ſhip be failing due north or ſouth, her difference of latitude, and 

_ diſtance, will be the ſame; and if they differ-by obſervation, it is likely 

the error is in the half minute glaſs, or log line, but if ſhe ſails due eaſt, 

or due weſt, the does not alter her latitude, - but if by the obſervation it 


is found ſhe has made any difference of latitude, there certainly muſt be 


an error in the courſe, which may be owing to the ſteerage, or the compaſs, 


for the needle does not always point out the meridian, but varies fome- 
times to the eaſtward, and ſometimes to the weſtward of it; and this is 
what is called the variation of the compaſs, and muſt be found before the 
courſe can be corrected, _ h '  QBCT, 
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„ 
To find the Variation of the COMPASS. 


"HEN any heavenly object, as a ſtar, or the ſun, is in the hori- 

zon, the point of the compaſs that it bears upon may be had by 
fights fitted to the common compaſs, and by an azimuth compaſs the de- 
grees may be found, that the object is diſtant from the eaſt, or weſt points 
of the horizon ; this is called the magnetick amplitude, and if this agrees 
with the true amplitude, there is no variation; ſo the true amplitude 
mult be found either geometrically, or by calculation, 

It was ſhewn in Chap. II. how to do this geometrically ; and to do this 
by calculation, the following problem will ſerve. I | 


- The latitude of the place, and the ſun's declination given to find the 


amplitude, Y 
EE 3. 4 MM F: In © | 
x Latitude 280 16˙⁰ N. 
5 FD Given Decllanlen . 2g: 24 I 
The proportion ĩs 5 | 
As the fine of 619 44” the comp. of the latitude 9.944854 
Is to the radius. -. *- 10.000000 
So is the fine of 159 24 the declination +9.424156 
To the fine of the amplitude 19* 337 _ 9.479302 


By this it appears that the ſun then riſes E. b N. - N. nearly, but if by 
the com paſs it bears E. + N. there will be a point variation to know whe- 
ther the variation be eaſterly or weſterly, take this general rule. 

When you are looking to the ſun to take the amplitude, if the mag- 
netick be to the right hand of the true, the variation is weſterly, as in this 
caſe; and to rectify the courſe ſteered, there muſt be one point taken to 
the left hand, if the courſe ſteered be N. b E. the true courſe will be N. 
which ſhews that the north point of the compaſs is a point to the weſt- 


Ward of the true north, but if the magnetick amplitude be to the left 


hand of the true, then is the variation eaſterly ; and in correcting the 
courſe, the variation muſt be allowed to the right hand of the courſe 
ſteered. | C 
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DEMONSTRATION. 


Of the proportion for finding the true amplitude ſee Plate Xl. Fig. J. 
Let P O be the given latitude, P Z is the complement; thro' P draw 
PP, parallel to the horizon HO, draw the parallel of declination E X, 
to interſect the horizon e X, will be the fine of the amplitude; C x 
the ſine of the declination, and PP the fine complement of the lati- 
tude; the triangles PPC, and C «x X, are ſimilar, for the angles at P, 
and x are both right; the angle at X is equal to the angle P CP, being 
each of them the complement of the latitude; therefore PP the ſine 
complement of the latitude, is to P C the radius, as C x, the fine of ve, 
declination, is to C X the fine. of the amplitude. | 
When the ſun is riſen any conſiderable heighth above the horizon, it 
will not be eaſy to find its true bearance by the compaſs, but, if it is with- 
in 10 or 12 degrees of the horizon, it may be had by an azimuth compals.' 
The ſun's azimuth is an arch of the horizon, contained between the 
ſouth or north points of the horizon; and an azimuth circle paſſing thro* 
the center of the ſun to find this geometrically was ſhewn in Chap. Mr 
And to do. it = calculation the following n will ſerve. 


-Þ: Rt 0: B*: 48, 


The latitude- ef the place, the ſun's declination, and de being 
8 to find the azimuth. 15 


r eee 


Latitude 280 16*N. declination 15 24 N. altitude 9 0 30%. | 
Rule. 1, Take the complement of the altitude; the complement of 
the latitude; tile complement of the declination; and add theſe three 
together. 2dly; Take half this ſur, - from which ſubtract the comple- 
ment of the declination. 3dly, Take the fine of this remainder, and the 
fine of the half ſum from the logarithms. Athly, Take the fines of the 


_ complement of the altitude, and the complement of the latitude from 


logarithms, and ſubtract each of them from the logarithm of the radius; 
the remainders will be the complements arithmetical of thoſe fines.  . | 
Now theſe four muſt be added. together, 'viz. the complement arith- 
metical-of the ſines of the complement of the altitude, and of the com- 

plement of latitude, and the ſines of the half ſum, and remainder. Half 

the ſum of theſe/ four -+ eee _ W of . Es ae g ne, 

af half theuzimuth. 8 on 1. 5 
28 
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f go 1 5 altitude comp. arithmetical of he fins! | 0.005997 


61 44 Comp. latitude, comp. arithmetical of the ſine 0.055 8 
24. 36 Complement declination 


216 > 450 Sum of the three 


108 25 Half ſum; from 180 remains 5 719 355 Sine 9.972167 
74 36 Complement declination 8 
"23. 49 +9 Remainder EO DEI Sine 9.745494 


Sum of the four 19.78 380 
38» 46'Is che comp. of gi 145 of which the ſine is + the ſum 9. 1 0 He 
38 an ; 
77 3z The ſun's azimuth from the north 


Note. If the declination be ſouth, and latitude north, and the Sohn 
inſtead of taking the complement of the declination you muſt add yo 
_ thereto, and proceed as before. 

The demonſtration of this . pen upon che damit of 
ſpherick trigonometry; for here are three fides given, viz. the comple- 
ment of the altitude, the complement of the latitude, and the ſun's di- 
"ſtance from the elevated pole; this laſt will be the complement of the 
declination, when the latitude and declination are both north, or both 
ſouth; but if one be north, and the other ſouth, go muſt be added: to 
the declination ; the three ſides _ given, the angles are found as m 
the preceding: Deere 77 : 

Having thus found the true azimuth; the ö is found by a 
ſervation ; the ſame directions as were given in the amplitudes, will _ 
to kriow whether the variation be AERIE or N 
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| How to hoop a HI a e e ler bee any time 
the Latitude and. ny vg the KL rs. in, and the an, 
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* E ws W 04 5 doing this is by 5 an Ee account 
We of the various courſes, and diſtances ſailed in 24 hours; for which 
reaſon the log is hove every hour, and the diſtance and courſe ſet down 
in proper columns, i in a book provided for that purpoſe, which is called 
RE. the Jo -book, ruled * Shure n in the eee . 
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260 fte LOG-BOOK. © _ Cnare. V. 
In the firſt column, at the head, is H for hours, under which are ſet 
down the hours; the ſecond has K at the head, in which are ſet down 
the knots run out at every hour; the third column has F at the head, 
in which are ſet down the odd fathoms at every hour; the fourth has 
courſe at the head, in which are ſet down the courſes correſponding to 
the hours; the fifth has winds at the head, in which are ſet down the 


ſmiftings of the winds; the ſixth has remarks at the head, in which is ſet 


down what fail is carried, and the weather, which are two things very 
neceſſary to be obſerved; for if it blows hard a ſhip cannot make good 
the courſe ſteered by the compaſs. | 
In ſome ſhips the log is hove onee in two hours, and ſet down upon 
a board, from which every one that keeps an account tranſcribes it into 
his own book, and then reduces all the different courſes. into one, and 
finds the whole difference of latitude and departure made the laſt 24 
hours, as directed in plain failing, and the difference of longitude by 
Prob. II. of Mercator's. won e of 
Tho' this account be kept by the greateſt care and exactneſs, there 
will often be very great errors Afoovered in the latitude, by good obſer- 
vation; and in the longitude when any known land is made. 
The occaſion of theſe errors may be attributed to theſe four following 
cauſes. 1ſt, If the log line and glaſs be not duly proportioned to one a- 
nother, there will be an error in the diſtance ; for admitting the glaſs to 
be only 29 ſeconds, and the line right divided, the ſhip would be a head 
of the account the 3oth part of the diſtance; for there is only an account 
taken of what ſhe runs in 29 feconds, and what ſhe runs in the 30th is 
omitted; but if the glaſs be true, and the line ſhort divided, the account 
will be a head of the ſhip; for ſuppoſing the 120th part of a mile to be 
zo foot, and the ſpace between the knots to be only 45 foot, it is plain 
that every 50 leagues run by the account, is only 45 foot, ſo that the ſhip 
muſt run the 1oth part of the whole diftant, more than by the account, 
before ſhe makes the land. 2d. Is owing to the variation of the magne. 
tick needle, which does not always point out the meridian ; this will oc- 
 caſion a great error in the courſe, if the variation is not known, and allow. 
ed in the courſe. 2d. Is owing jo the lee-way a ſhip makes; for when 
ſhip fails cloſe by the wind, ſhe does not make good the courſe ſteered 


by b but falls to the lee ward of it, more or leſs according to 
the fail the carries, and the heighth of the ſea. 4th. Is when there is a 
current; for when that ſets upon the ſume rumb on which the ſhip is 
ſteeered, her real diſtance will be mote than by the log; and if it ſets upon 
the oppoſite rumb, it will be leſs ; and if it ſets athwart the ſhip's way, it 


LOG. 


will occaſion an error both in the courſe and diſtance, 
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Lizard 50 of north latitude, and 0 of 
longitude. 
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Liard N. W. 4 leagues diſtance, fine 
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_ 

| Handed all our ſmall fails; and 8295 
both top-ſails. 
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is called working a day's work. In order to which, it will be proper to 


make a traverſe table, upon a flate or waſte paper, as directed in plain 


failing. But it muſt be obſerved the courſes muſt be corrected, by al- 


lowing for variation and lee-way. Now as our account is to begin from 


the Lizard, we muſt fuppoſe the ſhip to. fail S. E. from it, to the place 
ſhe was in at 3, when it bore N. W. and becauſe there is one point, and: 


2 variation, the courſe corrected will be 8. E. b E. + E. The next courſe 
ſteered is 8. W. allowing variation, makes S. S. W. 4 W. but when the 
wind came to W. N. W. I allow one point lee- way, makes it S. b W W. 
when the wind comes to weſt, ſhe lies only 8. S. W. and allowing for va- 
riation and lee-way, ſhe makes only S. E. courſe ; the laſt courſe ſteered. 
is 8. W. bS. the wind being large, makes no lee-way, allowing the vari- 
ation; true courſe is 8. b W. + W. The courſes being thus corrected, 
againſt the firſt ſet down 12 miles, the diſtance from the Lizard; againſt 
the next is 46, being what the ſhip has run by the log from 3 to 11; a- 
gainſt the next is 62, being what ſhe has run from 11 to 2; and from 
5 to noon ; againſt S. +E. is 14 miles, what ſhe failed from 2 to 5: We 
may then find the proper difference of latitude and departure to each 
courſe, by the table; the ſum of the ſouthings is 118 miles, that is 19 58 


and becauſe the latitude is decreaſing, this muſt be ſubtracted from the 


latitude of the Lizard, which makes the latitude by account 48 2, but 
by obſervation 47 56'; the whole weſting is 44.5, and eaſting is 11, ſo. 


the departure is 33.5 weſt. And by this, to find the difference of longi- 


tude, add the latitude ſailed from, and that come to, into one, and ſub- 
tract half that ſum from go, the remainder is 412 the complement 


\þ of the middle latitude, Again look in the table of difference of latitude 


and departure for.417%”and._ look for the departure 33.5, in the proper co- 
ums, againſt which, in the diſtance column, is 51, the difference of lon- 
gitude. To find the latitude by the obſervation, look for the declination 
correſponding to the day of the month, which is 225 47, added to the 
9, makes 47% 56'. Aſter finding the whole diffe- 


Ze 

rence' of latitude nd departure, becauſe: the numbers exceed thoſe in the 
tables, Leake half of each, which I find in the column correſponding to 
16“ againſt 6 diſtance, which doubled, makes 124, as in the operation 
under the Tog ; the like proceſs muſt be uſed every day at non. 
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Remarks, Sunday, May 28, 1738. 


Moderate gales and fine of Tg Wea- 
ther. 


Little wind with ſmall arizling rain. 
Tried the current. 


Found it S. S. W. one mile in an 


hour. 
Freſh gales handed all our ſmall fails. 
At noon clear, zenith diſtance 22% 48 


Declination "X57, - — 22 53 
Latitude by obſervation 45 41 


= 
At ſun riſing, by a g ood obſervation, 


N 23 2353 in order to find 
the true amplitude, find what diffe- 


rence of latitude the ſhip made en : 


ſun riſing till noon. 


1 | Courſe corrected S. b W. diigncs 70. 


difference of latitude. 68.7. 
Latitude at noon 
Diffe. oflati. ſince ſun riſing | 
Latitude at ſun riſin | 'T 50 
| Complement'of the latitude EE 
j. Variati- [Meridio. HS 


5 45% 41 


18 tö radius 
Sine of declination Iv: 33˙ 
Sine of 5 1 34 Wu 
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Tag on bard the Se4 Home, Anno Dow. 1758. cuarv. 


RxMakks, Monday, May 29, 1738. | 
| Freſh-gales and cloudy mot Part 0 
theſe 24 hours. | FE 2 


I Found the ſun's "azimuth b by. a 


' obſervation 759 gol after the ſun's ri- 
ſing; his alritude was then 90 30% 
the true amplitude is 67* 4, 7 which 
makes the variation 89267, as by the 
following operation. | 


Com. alti. 809 30! Aricomio.odeh = 
dean ori- 45 34 J Of lines 0.146262 8 


Com. dec. b 2 2 f | 
Sum 193 6 g 0.162259 


Half ſum 95 332 


| Supple. 63 27 92297785 
Com. dec. 29 er. lues 2502 
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Weſt variation 1 | ; 
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| Yournal of a Voyage, intended by God's affifance, in the Ship Sza-Hozar, 
From London to Jamaica, ander t 


g day 7 * Saturday. | a 89 
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= F will be ſufficient to ſhew the manner of 
2 and working the log, as the operations for finding the lati- 
d 


tude by the zenith diſtance, and the variation of the compaſs by an am- 
plitude and azimuth, are there ſet down at large. We have alſo ſhewn 


how to correct the courſe, by allowing for leeway and variation, and 
how to account for a current. After working each day's work in the 
log book, they may from thence be transferred into a journal; the form 
which is hereunto annexed. rs 3 5 
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ROM what has been aid; 7 is lin that if the AWebüut bf 0 
journal be true, the ſhip will arrive at her deſigned port, by ſteer- 
ing ſuch a coutſe as the journal directs, and in order to- ſail into the har- 
- bour, if in a tide way, the mariner ſhould know what time it will be high 
water; but as this is governed by the moon, it follows, N to attain iy 
| the firſt thing to be done is, to find her age. 
F the months all contained an equal number of Jake," abs the Hite : 
of the moon Was always on the laſt day of every month, the day of the 
moon would then be the ſame with the day of the month, and we ſhould 
ha ve exactly twelve compleat moons every year; but it has been found 
by a long ſeries of Pr obſervations, that every year contains twelve 
compleat moons and eleven days more, very nearly, ſo that if the moon 
happens to * any year the laſt day of Dece Ber, it will be eleven 
days paſt the change on the laſt day 5 the December following; and 
_ twenty-two days oi the c Lange, the ſucceeding year, and the third year 
it will be thirty-three wrath but as there are but 29 2 days from the change 
of the moon till it changes again, it is plain, that in three years time, 
Which contain 36 5 we fhall have 37 compleat moons, and three 
days more; ſo that the moon will be, on the laſt day of December, in 
the third year, 15 3 days after the change; and on the fourth it will be 11 
days more; .that is, the laſt day of December will be 14 days after the 
change. Now it will be very eaſy to find the moon's age me” "ay of the 
month, provided the-moon's age be known the laſt hay of Pen 
year; -our firſt buſineſs then ſhall be to.ſhew how this is found 
As every vearcontains 12 moons and 11 days, every three years will 
contain one Whole moon more than months, and three days more, fo that 
18 years will contain fix whole moons more than months, and 18 days 
more; that is to ſay, if the moon changes on the laſt day of December, 
it will be i in 18 years afterwards, 18 days paſt the change on the laſt day 
of December; and the year following, viz. the 19th . it will be 11 
days more, which makes 29 days, and this being a Whole moon except 
half a day, we ſhall have a new moon ſome time of the laſt day of De- 
cember; ſo that at the expiration of 19 years the new and full moons 
| happen on the ſame day of the ſame month they did 19 years before. 
Ibis revolution of 19 years is called the lunar cycle, or the . 
. excl from! its author Meton the e 18. new moon, or the cee | 
3 Was 


Seer, IV. Of ne MOON AGE. ww 
Was on the laſt day of December, two years 'before the birth of our Sa- EE A 
viour; fo that every nineteenth year from that time, the moon changed = 


on the laſt d ay of December, and the year of our Saviour's birth was the 
the cycle. Hence it is manifeſt, that if we add 1 to any 


ſecond year I 
year ſince our Saviour's'bicth, and divide the Gn by 19, the quotient will = 
ſhew how many cycles have paſt ſince its firſt commencement, and the 2 
remainder will ſhew what year of the cycle that is, which is called the = 


golden number, or prime for that year; it finds the age of the moon on 
the laſt day of the: preceding year, or the number of days paſt fince the 7 
new moon; this number is called the Epact, and ſinee the epact of the 


firſt year is 1 T, of the ſecond 22, of the third 33, and ſo on, conſtantly — 
increaſing by 11, as was before obſerved, it is evident that to find the o- _—_— 
act for any year, we muſt multiply the golden number by 11; the pro- | = 
Ju, if lefs than zo, will be the epact for that year; if it exceed 30, 4. ; f 
vide it 157 30, an and the remainder Will be the 1 % 
ab 3 1 * 4 * . EW Typ 50 
1 e 9 Epai? fir the Tear %ꝙ%ᷣ% 
Fun find the 125 2 by the preceding rule. +l 
Ta the year 13 5 „„ W 
We by e 1 5 © 5 product is heaped „„ 
Mi 1B } At M P Li E THe I Ho Ss = 
1 e che up for the 2. EY „ 
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. GR waer R ay, epact . 1 

e as the epact expreſſes the a R the moon on the laſt day of "+, 
Decca it is plain that if the age changes on that day in any ear, 
Ain hag Frags LEONE 8 | 
| of December it will be 11 days paſt the change; but if this '2oth _ 45 
day be called the 3 iſt, as was the caſe in the year 1753s when the ſtyle 3 

waz altered, it will make an alteration in the epact of 11 days: There- 
v0 to find the W ſince the comencement of _ new w ſtyle, we mult 

| Mm | f divide | 


— 


| firſt day of the next moon, and 0 Alt day of 


moon, and the ft day 5 Ay x will be the 4th" day 6 


tao the day of the month in January, the ſum will be 


28 


% ²˙ QF be O ON. af Ego GK 


divide the year without adding 1 to it, by 19, e will be the 
golden wanne which welpe by 11, will. 25 the 0 as ſs 
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0 hes nion 155 be the, ſame. n th V of. ENTS in January 
fol! owing. tin the- .chapge.;. and” bane 


he, 0 betwirt one new moon 
and the next is 29 days and an e 3oth da ay of Januar. will be the 
4 


bruary wi be the third | 
day of the moon, and conſequently i we add- two 8 any day of the 


month in February that year, it will give us the day of the moon; now 
as in common years Februd#y has but 28 days, if to this, 2 be added, it 
will make 30, which, is half a. Ap 70 than the 1998 9 chat 


it will chapge on the. bruary, and theref day of 
March wil, always be 5 au day of the moon pk the firſt; 7255 of 
January is, -ang, the. htcſt day gf April the ſame as the firſt day of Fr. 
bruary (except in leap years, when one day more muſt be added to the 
firſt day of Mart), for if the moon changes on the laſt day of, February, | 
it will change again before the zoth of March, and ſo the firſt day of 
April will be the 3d Bay-6f the maon,/and the 27th day of April the 2gth 
day of the moon; To the agth day of. April will be He brit day of the 
the moon. 
Now, though the moon does not change the laſt day of December, the 
epact gives the age of It on that day, and therefore if tlie epact be added 2 
| moon s age; but 
in February, we muſt add-2 to the epact and day of the month, to find 
the moon's age; in Marth again, except in"leap years, the epact and day 


zof the monch Will give the tnoon's age. - Hence this Seheral beer 


ere: to find the moon's age on any day of the mont 
Rule. Addi the epact to the day of the month, and the übe bratut 


| vow wh the ſum if leſs than 30, is the moon's age; if it prog be take 


e ron it, e e 65 80 wh 
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© Of ile MOON: AGE, 


© The following numbers muſt be bps in the months to which they 
corre pond. ' | 


January 0 ante 2 e | 5 5 Odobe- 8 
February 2 May 3 Aug 6 © November 10 
March © June 4 Sept. 8 December 10 


E er A N o 


Reguiced che moon's age the a ih day of January 17 54. N13 
Ihe epact by the preceding rules will be found to be 6, the * ag 
for the month is o, now we have only 6 to add to the 24, which makes 
39, which being half a day mote: Ame whole moon, on moon I 
tome time W 1 e ch. Sande 34 


NY * XK 4 Mf EL * 1. 
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Requined hen moon's: age the 26th of April 58 to 26 5 2 * 


— 


the month, and the epact o, the ſum is 34, from . Ong 30 | 


the remainder is 4, the moon's age. 

After finding the moon's age we may thereby: find the time of high 
water from the following principles. 

It has been obſerved that when it is high/water in any port, the moon 
will always be. on the fame pen oint of the compaſs; and as the moon in 

24 hours moves through al 

muſt take 45 minutes in moving from any point to the next; for 32, 
the points 4 the com paſs, h by 45, gives 1440, the minutes in 
24 hours; hence, if it is "High water in one port at 12, and the moon 


N then on the ſouth Point, oft th > compals,; and high water in another port, | 


when the moon is on the 8. S. W. point, it will be 1 hour and: 30) minutes 
| after 12 when. it is high water at this laſt place. 
Now, if the moon a OE ſun were always on the merkdian at the fame 
come to the fame point of the compaſs at 
the fame hour of the day, Far! of conſequence it would be always high, 
water at the ſame hour; but: fince the moon comes to the meridian 
with the ſun only on the day of the change, which happening only once 
In 3o days, it will from thence. follow that the difference of the time of 
her coming to the meridian from the day of the change, or any day of . 


1 her age, to the next day, will be 48 minutes; for 30, the days in the moon, 


multiplied by 48 gives 1440, the minutes in 24 hours, at which time 
the moon will again come to the meridian with the ſun, and will then be 
on the ſouth ſide of the compaſs; the firſt day after the change it will 

by an: minutes after 25 before "In: moon comes to the meridian, or ſouth 
J | | m 2 | | 


he points of the compals, it is Plain he 
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the. flowing, the ſum will be 5 hours and 24 minutes, 


* 


point of the compaſs; the ſecond day 1 hour 36 minutes; and: as it is 
thus 48 minutes every day later in coming to the ſouth point of the 


compaſs, it will be ſo with reſpect to any other point, which is the 


reaſon that it is high water in any port 48 minutes later every day 
From what has been {aid, it is manifeſt, that before the time of high. 
water can be found on any day of the moon,. two things muſt be known ;. 


. firſt on what point of the compaſs: the moon will be every day at high 
water z ſecondly, at what time the moon will come to the meridian on. 


that day. As for the firſt, which is called the flowing, it muſt only. be 
had by experience, and for the ſecond, which is called the moon's ſouth- 
ing, it will always be found by multiplying the moon's age by 48, and. 
dividing the product by 60, the quotient will. give the hour, and the re- 
mainder the minutes the moon is on that day later of coming to the me- 
ridian than the ſun... No theſe two being given, if to the hours and 
minutes of ſouthing we add the hours and minutes correſponding to the 
flowing, that is, to the point of compaſs on which the moon is at high. 
water, the ſum is the time of high water on that dag. 
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the moves from one point to the next; 8. W. is 4 points from the ſouth, 
and 4 times 45 is 185 minutes, which is three hours. The age of the 


moon on that day is 3, multiplied by 48 is 144, divided by 60 is 2 hours 


and 24 minutes, the moon's ſouthing that day, to which adding 3 hours 


the time of high 
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TaBLEs of the Sun's DEcLINATION : Adapted to the New Style: 27 
Firft after Leap Year. Sun's Declination, 1753, 1757, 1761, 1765, 1769. | 
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5248.2 19.548.019. 9 #8 5 22.4 47.9 22.747.623. 2 
5349˙¼119. 949.020.3048. 48.9 22.8 48.8 23.1 48.5 23.7 54 
„ 49:8] 23-2[49-7|23:5149-4[24-1] 55 
1.020.650.8021. 50.5 50.8 23.7 50.6 23.9] 50.3 24.5 56 
3651.9 21.051.721. 451.5 51.724.151. 524.457.2250 57 
5752.821452. 21.805. 5 52.624. 552.424.852.125. 4 58 
58[53-8]21.7|53-6]22-2153-4 53-5|24-9| 53-3] 25-2þ53-0] 25.9 59 
59]54-7|22-1]54.5|22.6| 54-3 54 4|25:4|54-2125-7|53-9|26.3 6o 
60155-6]22:5]55-4|23-0[55-2 55:3|25:8|55:7|26:2]54-8]26:7| G1 
6156.5 22.8] 56.4|23.3| 56.1 55.2 25.20 55.0 26.5 55.7 27.2 62 
62 57˙523˙2057·3023.7 577 57.126.657. 0 26.9 56. 627.6 63 
63 58.4 23.6 58.2 24.1 288 58.0 27.0]57.9|127-4| 57-5 28.0 64 
_ 4159-3] 24-0]59-1| 24-55 2 58.9[27.5|58.8|27-8[58.4|28.5] 65 
©5160.3]24-3]60-11 24-9 59-8 59.8279 59.7 28.2 59-3 28.9 
6661.2 24.761.025. 360.8 bo.” 28. 350.6 28.6 60.2 29.4] 67 
67162.1|25.1]61.9 of by 58 61.628.761.5 29.1061. 129.8] 68 
081630] 25-5162.812 _—_ 62.5 29.262.429. 5 62.0 30.24 69 
2464.922[47J20- pn 54.3 30.0 64.2 30-4| 63.8] 31-1] 71 
7: 165,8126.6165.6127.2 68•2 65.2] 30.465. 1 30.8 64.7 31.6 72 
7266.8 27.00 66.5 27.6 « 3 66.2 30.8 65.0 31.21 65.6 32.0] 7 
72/6271. 67.10 37.30 66.9 31.6 68.532.474 
7468.5 27.7 68.4 28•7 060.6 08.01 31.71 67-81 32-1167-41 32:9] 75 
75102:6|2-2199-3}28-71-v:0 88.9 32 758.7 325 88.3 33-31 76 
76179-5|28-51,70-2þ29-1 385 69.8 32-5 69.6 32-91 09-2] 33-8] 77 
77171-4128-8]71.10 29. 29 70.7 33.570. 50 33.370. 134.2 78 
78 72-3 29.2] 72.1 29+ Ai 71-81 33-4; 71.4|33-8]71.0 34-6 9 
70 73.229.673. 0036.2 72-7 72-51 33-81 72-31 34:2] 71-9] 3-1] 80 
80 [74-21 30-0] 73-9] 30.6173: 34342 73.2345 54.8355 $i 
— | 0 73-4] 34-21 73:2] 34-9] 72 ; 
81175-1130-31 74-81 31.0174: -3174-3] 34-7] 74-1] 35-1] 73-71 35-9] 82 
82 75 030.7 75.8 31.8078. 7175-2] 35-1] 75-0[35-5| 74-6 30-4] 83 
9377.37 77 his 70-11 35-51 75-9] 35-9] 75-51 36-84 84 
86 179-7 | 32:2] 79-5] 32-9 8852 78.8] 36.8 78.6 37.278.238. 
87 80.732.680 433.3 Sm; 9-8137.2| 79.6] 37.6] 79.1] 38.6 
88|81.6]33.0[81.3] 33.7 ay 37 37.6 52.5 38. 180.0 39.0 
89] 82-5] 33-3]82.2] 34-1 82 8 81.6138.0|81.41 38-5 225 39:5 
9913-41 33:7183:2] 34-4221 82.5 3582.3 389/878] 39.9 
911 84-41 34-11 84.11 34.8 82 | 83.438.9 83.21 39-3] 82.7] 40- 
92[55-31 34-5185.00 35-2194-7 84.31 39-31 84.1|39.8 | 83.6] 40. 
93 85.2 34.8 £39 35-6 8 5 88.2 39.7 85.0 40.2 151412 
9417-21 35-2].86.81 36.0 g 5 88.7 40.1] 85.9140.6|85.4| 416 
9588-2 135:6[87:8] 36-4174 87.545.586. 47.5 88.3421 8 
| 951 89-01 36-91 88.71 36.7 188-31 '4187.9]41.0 87:7147-5]87-214%-5 35 
97 (89-91 36-3/89.6137-3189:3 5[85.8]4r.4|88.6/4r.9/88-1[43.0] « 
981 90-9] 36.71 99.5] 37-5 [90-2 309.7 789.4384435 
99082 Is 271 8 92 0 298942. tj E 89-9 — 1 
1100 92.7 222 . % I ung 7 t; | Des. ; 
T. | La. | Dep. | Lat. | Dep. 2 —.— n. = SJ 
h = eh Des 5 * ' 67 Deg. 65 Dep. 55 Deg. 15 4 + in! a — — 
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0] 03.4 


I 22:51 24+3 


.Of 05.1 
.<| 06.0 


436.4 
8137.2 
41387 
830. 0 
39-8 


4 40.7 
* 41.6 
8142.4 
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509.4 


06.9 


1 O. 3 


oo 
01.7 


11 1/06. 
o | 12.0 


21.0 


21.5 
22. 0 


23.5 4 0.3] 
24-0! 41. 

24-51 42-0 
25-9142-9 


24:21 43:3} 


4Lat. | 


4 . 29 34-3 
9-9] 35+5120-5|.35'2 


22.5 ; 
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oo. 9 
101.7 
02.6 
1103.4 
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.6]07.7 
05-|08.6 

7109.4 
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11. 
7.212. o 
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03.1 
03.6 
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3 * * — 5 
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TT | of LATITUDE and DEPARTURE. G | 
<CH- 25 Deg- 28 Deg. | 2% Polit. 29 Deg. 30 Beg. 24 Point.] 31 Deg. | & 
E at. Dep. Lat. Hep. Lat. | Dep. Lat. | Dep. Lat. Dep. Lat. \ Dep. Lat. Dep. 7 
5145.4 23.2 45.0 23.9450 24.044624. 442255437262 43.26.30 51 
5240.3 23.61 45.9 24-4 | 45-9 24.5455 [252 45˙0 26.0 [44-6 26.7 44-0126. 52 
5347.2 24. 140.824.9467 25.0 46.4 [25-7 [45-9 26.5 145-5 |27-2]45-4[27-3] 53 
54|48.1j24-5|47-7|25-4|47-6]25-5] 47.2 26.246.827. 0 46.3 27.8 46.3 27.8 54 - 
55149-0|25-0| 48-6] 25.8| 48.5 | 25:9] 48.1 [26-7 [47:6 | 27-5$47-2]28:3147-1 [23.3 
5640.9 25.4 49-4 26.3494 26.449.027. 148.5 28.0 145-0 28.8 48.0 28.8] 56 
57 50.8 25.9 50.3 26.8 50.3] 26.9 49.9 27.6 49·428.548.9 [29-3148-9| 29.4] 5 
5851.7 26.351.227 251.227.350. 728.150.229.049. 29.8 49.7 29.9 58 
5952.6 26.8 52.127.752. 0 . 51.6 28.651. 1 29.5 50-6] 30.350. 6 30.4] 5% 
5053.5 27.2 53.0 28.2 52.9 28.3 82.829.152. 30-0] 51:5 30.8 51.4 30.9 69 
61 54.427.539 28.6 53-8 28.8] 53.3] 29-6] 52.8 30-5] 52-3] 31:4] 52-3] 37-4] 61 
6255.2 28.154.729. 154. 7 29.2 54-2 30-11 53-7 31.0 53.2 31-9|53-1| 31-9] .6 
63|56.1128.6|55.6]29.6] 55-6] 29-7 | 55-1 | 30-5] 54-6] 31.5540 32-4] 54-9 | 32-4 6M 
64|57.0|29.1| 56.5] 30 0] 56.4] 30-2] 56.0] 31.0] 55-4 | 32-0| 54-9] 32 9] 54-9] 33-0] O4 
65 57.9 29.5 574 30.5 57-3] 39-6] 56-8] 31-5| 56-3 32-5| 55-733 [55-7 | 33:5] 25 
66] 58:8|20.0| 58.3] 31.0] 58-2] 31.1 | 57-7| 32-0] 57-2] 33-0] 56-6] 33:9] 56.6 34-0] 66 
67] 59.7 | 30-4| 50-2 | 31.5 59-1] 31-6| 58.6 32-5] 58-0] 33-5|[ 57-5] 34-4[57-41 34+5 67 
68| 60.6 | 30.9 |60.0 | 31.9] 60-0] 32. 1 59.5 33-0] 58.9 34. 58.335.058. 335.0 8 
6961. 531. 360.9 32.4 60.9] 32-5|60-3] 33-5 |59-8| 34-5} 59-2 | 35-5|59-1| 35-5 | 0 
70] 62.4 | 31.8 61.8] 32:9|61.7{ 33.061.233. 0 60:6 35-0 600 36.0 60.0 36.0 70 
7163.3 32.262. 733.30 62.6 33.562. 134.4615355 60.9 36.5 60.9 36.667 
7264.2 32.7 63.5 33.863. 5 33.9 63·0 34-9 62.4 | 36.0 | 61.8 37.061. 7 37.2 72 
73] 65.0] 33.1 64. 5 34.3 164.4 34-4 | 03:8] 35:4 63 236.5 62.6 37.5|62.6| 37.6] 73 
74| 65.9 | 33-61 65-3] 34-7 [65:3] 34-9 [64-7 | 35-9 [4-1 | 37-9 [63-5 | 38-0] 93-4-| 38-1] 745 
751 66.8] 34-1 [66.2 | 35:2|66.1 | 35.4 65:61 36.4 [64:9] 37-5 | 64:3] 38:6] 84:3] 38:0] 758 
7667.7 34.5 67-1] 35-7 [67.0] 35-8[66.5] 36.8 65-8 38.0 65.2391 65.1391 76 
7768.6 35.0 68.0 36.267. 9 6.3 67.3 37.3 06-7 38.5 66.0 39.6 66.0 39.7] 77 
7869.5 35.40 68.9 36.6 68.8 36.8 [68.2 37.8 67.5 39-0 og 40.166.940. 2] 78 
970.435.969.737. 169.7 37.269. 138.3 68.4 39-5 6 40.6 67.7 40.7 79 
80| 72.3] 36-3] 75.637.670. 37.228. (28634 8.84788. 89 
8172.2 36.8 71.5 38.0 71.4 38.2 70.839.370. [40.5 69.5416 69.441.781 
821731] 3742] 7244 38:5 | 72-3] 38-7 71:7 39.871.041. 0 70-31 42-2] 70-3; 46 
ö 81 84 
— T 
85 
83 
8d 
24 
by 9 4 
24 
94 
93 
90 
N 
99 
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286 A TABIE of DIFFERENCE 


S] Deg. 33 Deg. 3 Points | 34 Deg. | 35 Deg. 36 Deg. 1.3% Point. 15 
= = Lat. \ Dep. | Lat. | Dep. | Lat. I Dep. | Lat. | Dep. | Lat. ] Dep. hs Dep. | * 


— — 


7 {00.8 [00.9 | 09.8 | 00.5 [00.8 | 00.6 | 00.8 | 00.6 OO. | 00.6 | 00.8 OO. 6 00.8 | 00.6 
201.7 01. 101. 201. 101. 201. 101. 601. 101.601. 1 fo. 601. 201.6 [or. 2 
3102.5 01.6 2.501.602. 501.7 [o. 502.7 [02.5017 02.401.802. 4 [01.8 


4 103-4 [02:1 [03-4 | o. 2 03.302. 203.3 [02.2 0g. 302. 3 fol. 202.403. 2 [02.4 


So. [oz. oA. 202. [04.2 oa. 804. 12.804. 102.94. O2. 904. o og. o 

J ſos. [22 (os. 03-3 05-0[03.31 05-9 |03-3]04-9[03-4 04.8 [03.5 04.8 [03.6 

= 05-0 03.7 '05.9103-8[05.8]03.91|05.8 [03.9 [05.7]04.0[05.7 [04.1] 05.6]04.2 
5 06.8 [04.2 | 06.7 | 04.4 |06.6-[04.4 | 06.6 | 04. 0 . 8 a ; 

07.6104.8 [oz. 5 Io. 9 Ho. 5 [oS. oOo. 5 [ os. oo. 7405. 20%. 305. 307. 205. 4 
22e es 204 > <L-3105:-6 08.3] 05.6|0b.2[05.7 [08.1 ess ebe s 
1169.300859. 66.609. 156.109. 1006.2 09. 006.308.906. 5 08.8 [06.6 
12110. 208.410. 11 06.5] 10.006.709. 9 06.7 [09.8] 06.9 | 09.7 [07.0] 09:6 [07.1 , 
131 11.0J06.9f10.9|07.1]10.8|07.2[10.8|07.3]10.6]07.5|10.5]07.6] 10.4 [07.7 2 
1411.90. 411.7 |07.6|11.6|07.8|11.6]07.8[11.5]08.0][12.3|08.2| 11:2 [08.3 . 

7 


1572. [07.9 12.508.212. 5 [08.3 12.408.312. 308.6 12.1 [08.8 12.0 [08.9 
1613.5 08.513.4 [08.7 13.3 08.9 13.308.913. 109.2 12.9 09.4 12.9 09. 5 
17 14.409.014. 309. 3014. 10. 414. 109.5 13.909. 813.8 10.0 13.7 [10.1 
1815. 30g. 515. 109.815. 0 T0. 0 14. 910. 114. 710.314.610.614. 5 10. 7 
1916.10. 115.9 10.3] 15-8 | 10.6] 15.8] 10.6|15.6|10.9] 15.417.215. 311.3 
207.010.626.810. 918611. 1015.6 LI. 26.411. 5 15.217.811 [I. 9 
2117.8] 11.1|7-6|11.4|17-5|11.7|17-4|11,7 [17.2] 120770 12.3 16.9 12.5 
| : 16.5 12.0 18.312. 218.2 12.3 18.0 12.6 17.8 12.917.731 
2319.5 12.2 19.312.519. 112.8 19.1 12.918.813. 218.613.518.513. 7 
2420.4 12.7 20. 113. 120.0 13.3 19.913. 419.713.819.414. 119.3143 
25021. 213.221. 013.620.813.920. 14.0 20.544.320. 14.720.114. 9 
26220139 2718142276 14.4 21.6 14.5 21.314.9 21.15.30 20.9 15.5 
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| 43]35-5|22-81 36-11 23-4| 35-81 23-9] 35-9 124-0 35-2 24.7 34:8] 25:3] 34+5|25-6 | 43 
44 37-3 233 36.9] 24-0] 36.6 [24.4 | 36-5 24.6 36.0| 25-2] 35-6] 25-9] 35-3] 26-2] 44 
45138-2123 37-7 124-5} 37:4125:0]37:3125:21 36.9 25-84 36.4 [26.51 36-1 [26:8 1 45 

1 40/39./0 24.438.625. 1 38.225. 5 38.1|25.71 37-7 |26-4|-37-2|27-0| 36:9] 27-4] 46 

190399 24.9 39 425.6 39.1 26. 1 39.0 26.3 38.5 27.0 38.0 27-6| 37.7,128.0 | 47 

40.7 25.4/4.3 25.1 39.9 26.7 39 826.8 39.327. 38.828. 238.628.648 
4941.60 25.0 8.4 26.7 40.727. 240.6 22.4 40-1 | 28.1 | 39.6 28.8 39.429.249 

50 42/4126-5 2057-2 41.6]27.8]41:4 | 28.0 wb bo 7 404 [29-4 40.229.850 
LDE. 15 "| Tar. | D pþ {Lat. | Dep. | Lat. { Dep. | Lat. = 
. S* 58 deg, | 57 Des 5 Pola s Is Deg. | ID en. 


O LATTITUDE and DipaRTURE. 


S_32 Deg. | 33 Deg. | 3 Points | 24 Deg, | 25 Deg. | 36 Deg. | 37Fontr( © 
| Lat. | Dep. | Lat. [72 Lat | Dep: | Lat. |Dep- Lat. | Dep. | Lat, | Dep. | Lat. [Dep] ff 
5143.2 27.042.827. 842.428.342.328. 5 41. 829.304.330.041. 030.44 511 
5244. 127.643. 28.343.2 28.943. 129.142.629.842. 130.641.831. 0 521 
5344.9 28.1445 28.9 44. 1029.443929. 643.430.442.931. 242.631. 6 331 
54 145-8]28.6]45-3[29-4| 44-9f 39-00 44-8 [30-2[44-2þ31-0f43-7 31.243.432. 2 54 
55140-5129-71 49-11 30:0[ 45-7] 39-6F45-6130-5 145-1 A. 144-5} 32:3} 44-21 32-8]. 55 
56]47-5]29-7]47-21 39-5} 46-6] 31.11 46.4 [31-3[45-9.32-x}45-34 32-21 45-0] 33-4} 56 
57 148-3] 30-2[47-8} 31-01 47.4} 3r-7[47-3031-9]40-7þ32-7140-1þ 33-51 45-81 34-0] 57 
58149-2130.7148.6|31.6|48.2f 32.2}48.1132:4[47-5[ 33-31 46-9] 34-1] 46-6} 34-5} 58 
, . -I[ 49-1} 32-8148.9133-0p48-3t 33-8147-70 34-7 [47-4| 35-1] 59 
7149-9] 33-3} 49-7 [33-1492] 34-4485} 35:31 48:2] 35-7] 60 
-2[50-7þ 33-9} 50-6 [34-11 50-0 35.049.335. 949.0 36.3] 61 
851.634.451.434. 250.835.650. 236.4 40-8 36.9 62 
052.235.251.636. 151.037. 050.6 37.51 631 
35-8 52.4 30-7 51.8} 37.6 51.4 |38.1] 64J 
30-3[53-2] 37-3}52-6} 38-2|[52-238-7 65 
36.9|54-1] 37-91 53-4 38-8|53-0 39.3 665 
37-5|54-9[38-4-154-2|39-4f53-8139-9| 67} 
(38.0[55.7|39-0[55-0þ49-0] 54-6[40.5| 68 
38-6[56.5| 39-6]'55-$}40-6}55.4[41-1] 69 
139-I [57-3140-2|50-6141-I[ 56.2[41.7| 20 
9139-7 [58-2140-7 [57-4417] 57-0[42.3] 71 
397 4. 359.041.3582 42.305 8142.9] 721 
6 40.8 59.8 041.9 59-1 [42.9 58.643.5 73 
. 161. 3047. 4/60. 64.4599 43-5(5˙4½ 44-1] 741 
262.2 47.962.443. 7.169.244.7275 
3164. . 
965.5144. 2 
48044 
— * 45:3] 
68.8 46.4 
69.647. 
2 22.804755 
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Tat. | Dep. | Lat. | Dep- Lat. i Dep. | Lat. 

.6]00.8 [00.6[00.8 | oO. 6 oO. 8 oO. 6 00.8 

201.6 of. 302. 501. 301.501. 301.5 

01.9 oa. 3504. 902.301.902. 3 

503. 1 Joa. 5 og. 1 oa. 503. 10Ooa. 6 [og. oo. 
.1 [03-9 [03-1 o. 9 og. 203.8 og. 2 [o3. 8 


704.7 [93-8 [04.61 03.8] 94-6j03.9 [04.5] 
05-4 [04-4[05.4| 04.4|95-4104-5 [05-3 
ob. 2 os. oſob. 205. 106. 1005. 106. 0 
oy. o fog. 7 o. o o5. 7 o. 5.8 [06.8], 
ob.2107:8106+3107.706.3] 0.40% 5 
08.7 08. 5 06-9þ08:5[09;0[08-4þ07.108:3| 
Jeg. 6 sf 7 og, 
Oro. 108. 210.0 þ08:2[19:9þ08.4 [09.8] 


10.9 [08.8 20.8 


2 11.7 09. 4 11.6 "09-5 11.5 09.6 11.3 > 


* 7 
— — — . 1 — — —— 


912.419.1124 10, 12,3(1073 012.110. 
T1 19,7 [13:1 þ10;8|13+0[10;9|12.8| 
a[24-0|11.3 | | , 


14.8 12.0 


[38-11 32S} 37:9} 324113715 [31-5 | 
6f 31:71.39:31132+1 | 
| Late. D 


bd abi 


. 821.418. o 21.1118. 
22.5115.2122.4|18.4| 22.2 18.621.919. 
23-3]18-9] 23:2] 19-0] 23-9119-3122:9] 29-; 
24-1119-51240] 1947] 23-7 [19:9]23-4] 
24-9|20-1124+7| 20-3] 24-9]20.6]24-1]: 
25.6[20:8|25:5 22:9 25-3|21-2124-9]21.7; 

: .6]26.0|21.9]25-7]22.3 
27-2122-0]27.1| 22.2] 26.8 22.5120-4 
28.0122.7|27.8| 22-8|27.6|23.1127-2 
[28-$123-3]28:6] 23-5] 28-3[23-8[27:9 
29-5 | 23-9] 2964 | 24-4 | 2% 4| 24-4 [29+ 7 
30+3 | 24*5] 3051 | 24-7] 29>9| 25-T [29:4 
31-3 [25:2] 30-9|25-9132:Þ| 25-7 [39-2[26: 
31.9 25:8] 31:75|26.0|3i-4| 26.4 |30-9|26: 
32460 | 26.4] 32.5 26-6] 82-2[27.0[31-7 
5133.4 —_ 33-2] 27-3 275 27.0 32-5 
<1 34:2 2/<71 34-91 27:91 33:7 [29:31 33>2 
770352] 28:3] 368} 255]34:5| 98:9 [36:0 29:5 
3[35:7 [28-9] 35:6] 29:2[ 35-24 29:6 [3457 
:9[36:5 29-64 36,3] 39-8} 38-9} 30-2 [35-5 
37-3] 39-2] 3742f 30:5} 36-81 30-9 [36.2 
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0 of LATITUDE and DEPARTURE. 
_ ©] 37 Deg: 38 Deg. 30 Deg. | 3x Point. 48 Deg. 4 41 2 | 
8 Lat. Dep. | Lat. Dep. Lat. | Dep. | Lat. ; Dep. | Lat. Dep. | Lat. 
5140.7 30.7 40.2 31.4 39-6] 32-1] 39-4 [32-4| 39-14 32-5 | 38-513 
5241.5 31. 3047.0 32.0 40.4 32.7 40-2 [33-0] 39-8] 33:4 [39-213 
5342.3 31-9]41.8] 32-6] 41-2] 33-4] 41-0 33.6]40.6 | 34-11 40-0 : 

3 


5443.1 32.5 42.6 33.2 42-0] 34.041. | 34+3[ 41-4] 34-7 4½ 
5543:9]33-1|43:3]33:9|42:7 [34:6] 4.5 840.88 36 
5544.7 33-7 [4411 34-5 43:5 35-21433 [35-5 [42-9] 30-01 42-3 | 39-7 
57 | 45-51 34-3] 44-9] 35-1 | 44-3] 35-9| 44-1 [36-2 [43-7 | 36-6 43-0 [37-4 
581 46.31 34-9] 45-71 35-7|45-1 | 36-51 44-31 36-81 44-4 137-3 143-0 1 39-7 
59]47-1135-5[46-5] 30-3] 45-8] 37-11 45-0] 37:4145:21 37:91 44:5 [397 
60] 47.91 30-1] 47-3] 36-9] 46-6] 37-8 46.4 | 38-1 | 40-0 38.6 45:3] 39.4440 
61] 48.71 35.7 48.1 37:76 47.4 38-4 47.2 38-7 [40-7 |39-2[ 40-0] 40-0]. 
621 49.51 37-3] 48-9|38-2|48.2] 39-0] 47-9] 39-31 47-51 39:9 46.840.740 


8 
Sd 
Ur 
0 
— 
+ 
I | 
&Q& 
Ou 
8 
2 
* 
0 
N 
Un 
S 
Dd 
| 
Tok 
Oo 
— 
mY 
* 
xD 
oO 


— 
= 
8 
WW 
Þ + Þ + 
SB SSH 
mm nWvuwy 
S |S Goo 
vo. 0 0+ 
o\ 
— 
+» 
+ 
D 
— 
RGA 
— 
wo 
—— 
8 
py 
Oo 
LU 
© 
80 
Or 
© 
G 
uu 
— 
GO 


| 
| 


SO 
— 
S 
G 
8 
= 
2 ODDO © 
8 OO Www 
O 
Ov Þ 
_ 
uo 
— 
— 
SGG 
SA SSS 88 


| 
T 
| 
| 


Un 
— 
» 
Y 
Ce 
O 
41 
Go 
a 
88 
QoS & 
+ BB & 
Un | 
. * - = o . * . 
a 
a 
— 
GW 
wn 
4) 
8 
S 
O 
O 
mn 
Ne; 
WA 
— | 
4 
— 
— 


« . 04 0 7 | 7 
53-6|70-1]54-8] 69.2] 56.0 | 68:8 5.5 68.2 57.2167-2] 58-4 
9155:4|09:9 527 


29 
0 b 
A 
Iv 
JI 


* 7 | . 
* 


O 
* 
I 
G 
I 
UW 
— 
> 
_” 
un 
* 
EY 
«2 
+> 
oO 
OG G 
© ww 5 2 
. Ha . / 
- ©© _ : 
It 
dd 
I 
Un 
— 
os 
fe) 
O 


128828 


* 
SJ 
Wo 
oO 
(WS) 
+ 
>4 
D 
O 
* 
+ 
uy 


1 
* 


Le. 6 
g. t 45 Point. 1 50 Deg." 5 Des. 


5 

8 

= 

8 
15 
2 
— 8 


LI 
* o 
Y 5 
| 
' 
- 


5 Gow ala + w » m['y 


＋ 
* 
r 
we 
Fo -# 
— 


> 5 * ae y o "_— "we , 
* 8 wid 1 — jp + 
+ . 4 . _ * — — 2 — 
* " 2 " - 4 rt - - . 
„ + LEY 4 "x" F 
Q 7 - X 
ass Sr drs 
. T's S - & * ” f > 7 #Y . 


Of LaTiTuDE and DEPARTURE. 


4 Points | 

Tr. \ Dep. 
35-4 36.1 I 
36.8 
37- fo 55 


Cy VEE 


a 
F as 
4 , 
* £ 
% 
* 
* 
* 
0 
. 
* 
5 
= 1 Y 
* * 3 
„ * 
* 
1 © =>. © 4 a 4 0 1 A 
* 
, 
— — — th... e ee 
+ „ Ft EARS . . 
- 


> 


e e he IEP = aA 3 
* 
« * / 
E 
* 
0 N 
* 
, 
5 4 
* — 2 
/ : 
* 8 
- Ss * 
A 
3 # * * 
jo * | — * 
» 
i 
i 
ws Mer e 
15 8 1 2 * * n N 7b * PRC T7 OY 
* 
* 
. 


3 FFP 1 


* 


> 
7 
. 


4 
. 3 
. + 
"mw : 
* 1 20 
3 
F > Us 
— — Sp 
— 
” 
; . 6 
Ty 
- * 
* 
> 
[4 1 
. 
F 
F 
1 
* * 
= 
. 
LES * 5 
6 / 
* - 
* nd - 
5 
* 1 
* 
1 
E- - 
"Y * * * 
4 * 
s 
- 
— 2 
4 * 
* 
* 
0 


A TABLE of MERIDIONAL PAR Ts. 


8 Kd A To le ol 


179. o 


— 


LA. 


160.1 
1167.1 


162.1 
163.1 
164.1 
168.1 
1 1 


1 


175.t 


178. 


167.1] 
168.12 


170.1 
0117.1 
Of 172.1 
173.14 

01411 


1 142 
177. 1 


2 


N Min. 
240.2 
2 1.24 
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1 
5 1 


11 18 2. — |j__25 n 29 JL. 
¹ Mins. "Min. | Min, | Min. | 4 . | Men. | Min, | Min. | Min. | Min. | Min. Mm 
5 r6g8.2 | 1161-51225. Taba-1 | 1550.0 f 1016.5 | 1683.6 H 
972.8033 ·3 1098.2 1101.5] 214541755. 161 5 1683.6 1751.2] 1$19,5] © 
x | -973-8{ 1036-3 | 1059-3 1162.5 . i551.1Þ 1617.6] 1684.7 752.3 1820.61 1 
» | 974-8] 1037.4 | 1100.0] 1363-6 81 1486.3} 1552.2 $.1618,7.} 1685.8 | 1753,4L 2821.76. 2 
3} 975-9] 1033.4 | 110744 1164.7 1487.3 1553.31 1619,81 1685.9 754.6 1822.9] 3 
41 976-9] 2039-5 110244 | 1165.7 1488.4 | 1554-4 | 1620,9 | 2688.0 | 1755.7] 1824.0] 4 
578.0 1040.5 {| 1103.5 | 1166.8 1489.5 1555.5 | 1622.0] 1689.1 [1756.8] 1825.2 
© $4 . 1 1167.8 1490. 1 1621 | 1690.3 1758.6 182 6.3 1 
{ 580.0] 1042.6 1215 1168.9 1491-7 1557.7 1624.3] 1691.4 | 1759.1 or 7 
: 98 1.1 1043.7 | 1106.64 1479-0 1492.8 | 1558,8] 1625.4 10925 1760.2 | 182 2 8 
of 882.7 1044.7 [10.7 | 13710. 1493-9 | 1559-9 þ 1626.5 1693-0 | 176144] 2829.7] 9 
701 3838478272. 1495-0] 1561.0 1622.6 1694.8 E 1830.9 10 
11 534.2 7046.8 | 1109.8] 1373-77 .6] 1496.2] 1562.2] 1628.7] 1695.9 $1763 6] 1332.6] 11 
12 | 985.2 1047.9 | 1110.3 $1274-2 1497 2| 1563-2 | 2629.8] 2697.0] 1764.8] 1833.2] 12 
13 | 936.3] 1048.9 } 1117.94 117 24 1498.3] 1564-3 | 1631.0 1998.11 : 765.9] 1834.3] 13 
141 987.3] 1049.9 | 1112-9] 1179-34 2499-4 | 1565.4 | 1632.0 2699-3 1767.0] 1835.5 14 
Tc | 988.4 [1051.0 f 1114.0] 1177-4 1 Song 1633.2 2700.4 | 1768;2] 2836.6} x 
1 989.4 | 1052.0 [175.0 1178.4 1501.6 1567.6] 1634.3 17015 1769.3] 3837-8] 1 
17 | 990-4] 1053.10 2170:1 rx179+5 1502.7 1508.7 1635.4 | 1702. 1779-51 1838.97 
18 | 997.5 2054.1 | 1127.2 $1280. 1503.3 | 1569.8] 1636.5 | 2703.8] 1771.6] 1840. 1118 
ro | 992-5 2055-2 | 1225.2 [22801 1504-9] 1571-01 1637.7 | 2704-9 f 1772-7] 1841-2119. 
208 993.6] 5056.2 | 1119.2 1182.7 1506.0 1572.1 1638.3 706.0 1773.9 1842. 420 
21 | 994.6 | 1057.3 | 1120.3 1183. 1 * 45712 1639.9 1707.13 1775.0 143-5 21 
22 995.6 1058.9 | 4127.3 1784 155 2115743 1641.0 708.3 1776. 111844. 642 
23 | 996.7 1059.3 | $1224 1135.8 1509 3| 1575-4 | 1642.2 1709-4 $1777-2 joe 8123 
24 | 997-7 | 1060.4 [1123-4 1186.9 1510.4 | 2576.5 | 1644.2 þ 1710.5 $1778-4f 1846.9] 24 
ac | 953.4 | 1061.4 [1324 5 [1188.0 1814˙8 1577.64 2644.3] 1711:6f1779-5| 18348.rf25 
ol 999.3} 1062.5 vs 1189.0] 1512. 123 1645-5 1712,8 1780.6 1849.21 26 
a7 1000.8 2063.5 911 [1290.1 94 1513.21 1579-21 2646.6] 1713.9 $1781.38] 2850.4 [27 
28 1001.9 1064. 1127.6 $1192.14] 325$.0.4 1319.2 1333.9] 1449-11 7514.8 | 2330.9} 1647.7] 1715-0 1783.0 1851.5 a8 
29 1002.9 1065 6] 1120.7 [2492.2 þ 1250.0. f 1330-3 1385.0 | 1450.2} 1515.9 | 1532.0 1648.8 1716.111284, 1852.70 29 
Fo [7605.0] 1066.5 [1129.9 [12793211257 1] 1332-4] 1336.1] 1451.30 2517.01 1583-24 1649.9 [2717-3 1785.2 1853.3] 30 
Ix | 2005, of 2067.7 | 1130.8 | 1294/3 1358-2 | 4332.4 | 1387.2] 1452.4 1518.1 | 1534.30 2651.00 2735.4 0 1736 4) 1855 of zu. 
22 — 1068.8 | 1131.8 | 1195-4] 1259-2] 2323-5 | 2383-3] 2453.5] 1529-2 1585-4 1652.2] 3719.5 1787-5 1858.11 32 
33 | 1007.2 | 1069.8 | +132. | 7296.4 | 1260.3] 1324-6] 1339.4] 1454-6] 1520.3 | 1536.5 þ 2653.30 1720.7 1 1758.90 1857.20 25 
24 | 1008.x| 2070.9] 1134.0] 3297: 5| 1261.4 1 3335-7 | 1390-4 | 1455.7] 1521.41 1537-30 1054-40 2721-3 | 1739 81 1353-40 24 
Ie i072 of i135. [1198.5 | 1262.4 | 2326.7 | 1391.5 1456.8] 1522.5 | 1588.7 1655.5] 2722.9 1790.9 1859.6 35 
- n — by 1 . nens 271 7 1457-9 2 ** 1589.8 1638.8 1724.0 11 18 oy 18 
37 1011.3 1674.1 | 13.2 3200.7 | 1264.6 2326.9] 1393.71 74.59.01 1524.7 1 2590-9 3657-$] 2725-2 | 1793-2] 1861.9 37 
38 | 1012.3] 1075-1 4 — 1265.6 1330.0 1394.8] 1460.0 1525.8] 1592.0 1638.9 1726.3 1794-3] 1363.05 38 
39 $10213-q 1076.2 | 11793 | 1202401 3 7 42331-0| 1395-$] 1461.2] 1526.9 1593-2 | 1660.0 17374 | 37955 1364.2 39 
40 | 1014.4] 1077.2 | 1140.3 | 7303-9 1267.3 = Foe 7396.9 | 1462.2 1528.0 1594-3 | 1662.21] 2728.6] 1796.6] 2365.3] 40 
g1 $207 5.4 | 1073.3 | 1142.4 þ 1204.99 12 .& | 1333-2] 1398.0] 1463.3] 1529.1] 3595.4 | 2662.2] 2729.7] 2797-$} 18 8 41 
g2 {1026.5 1079.3 | 2142-4 1206.0} 1269.9 13342 | 1399.14 1464.41 1530-2] 1590.5 1663.4 1730.3] 1798.9 2867.6] 42 
43 1017. 5 2080.4 þ1143.5þ #207025 2271.0 11335-24 1400 2 1495-5 1531.3 | 1597-6 1094-5 1731.9 | 1800. 0 1868.8} 43 
44 $1038.6] 1081.4} 31144. 1208.14 1272.1 {1336.4 | 1401.3] 1466.6] 1532.4 | 1598.7 | 1665. 2733-2 1301.2] 1869.9 44 
45 1019.6 1082.5 $1145.65 1209:2] 1273.1 1337-3 1402.4 I. 1533. 1599.8 þ 1566.7 17342 1802.3] 1871.1] 4 
A [1020.6 1083-5 1146.7 | 1210.2 | 1274-2 | 1338.6 | 1403.4 | 14 1534-d | 1600.9 | 1667.8 1735-3 1803.51 1872.21 4 
47 1021.71 11077 1211.3] 1275.3 [1339-7 | 3494-54 1469.8] 2535.7 | 1602.0 þ 1669.0} 2736-6 | 1304.6} 1873.4} 47. 
48 | 1022 7108.6 1148 I | 1272.44-1279.3 245,7 1405.64 1470.9] 1536 8 | 1604.1 þ 1670.14 1737-6 1805.7] 1874.51 48: 
49 ro23 8 108 7 1149.8 1213.4 1277-4 1341.8 1406.7; 1472.0 1537.9 4604-3 2671.2 27 38.7 180 9 1876.7 49 
50 1087.7 150.9 1214.5 1278.5 [1342.9 1407.8] 1473-7 182.8858. 1672.3 17399. 1808.0 1876.8 50 
51 [2025.9 | 1088.8 1252. 1215-51 72 8 1344-24 1908.8] 1474-25 1540.1} 1 $ 1694-4} 1741-0 1809.2] 1878.of 51: 
52 | x026.9 | 1039.3 | 11532 f 1226.6] 3250.0 } 1345.0 } 1409-9] 1475+38 1543-2 181 1674-6] 1742.11 1810.3] 1879.2 52 
54 1029.0 1091.9 118.1 218.7 1282.7 | 1347-2 þ 1412-11 1422.5 1543-4 1609.8 | 1979-9 þ 1744-4 1813.6} 1881.54 
de 1870.1 1604.0 [11562 | 1219-3] 1283.8] 2348.3 | 1413.2 [1473.6] 1544-5 | 1610.9 1678.0 1745-5} 1313.7] 1882.6} 55 
$7 | 1032.2 | 1095-1 | 1158:3 þ| 1221.9 1286.0 | 1350.4 | 1415-4 [1430-8] 154 14 1613.1 1680.2, 1747-8 j 13816.0f 1884.9 57 
$58] 2033-2] 2096.2 11 1223,0| 2287.0 [1353.5 | 1416.5 | 1431.9] 1547.3 | 1614.3 1687.347489 $1817-2] 1386.1] 58 
59 | 1034-3] 2097-2 | 1360.4 | 1224-1 1288.0 1352-6 141747 | 1483.0. 1548.9 | 1615.4 | 1532.4 L759-D 1818.3] 1887.2 59 
EF e 
lin 18 19 20 21 | 22 23 | 24 25 26 | 27 1 28 l '29 IT 


« 4 —_ K ” 42 ” 


A Table of Meridional Parts. 
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1 31 32 33 | _34 25 36 37 38 x_39 +- 41 42_ [E. 
4 | Min. | Min. | Min. | Men. | Min. Min, | Min, | Min. | Min. | Min. | Min, | Min. | Min. FM 
5 | 1388.4 | 1958.1 | 2028.4] 2099.6 2171.5] 2244.3 2318.0 [2392.7 2 2545.0 2622.7 2701.6 [2781.7 | © 
x | 1889.5 1959.2 | 2029.6 2100.7 2172.7 | 2245.512319-3 [2393-9 [2469.5 2546.2 2624.0 2702.9 2783.1] 3 
2 | 1890.7] 1960.4 [2030.7] 2101.9 [2173.9] 2246.8 [2320.5 2395-2 2470.8 2547-5 2625.3] 2704. 2754-4 2 
3 | 1391-9] 1961.5] 2031.9] 2103.11 2175-1 2248.0 [2321.7 [2396.4 [2472-11 2543.8 2626.6 f 2705.6 [2785.8 3 
4 | 2393-0 | 1962.7] 2033-11 2104-3 2175.3 2249.2 [2323-0 [2397-7 $2473-4|2559-11 2627-9 2706.9 2787.1] 4 
= | 1894.2] 2963.9 2034.312106. 5 2177-5] 2250.4 [2324-2 2398.9 [2474.6]2551.4 2629.2 2708.3 amy 5 
8 1895.3 1965.0 2035.5 2706.7 [2128.7 [2251.623254 2402 2475˙92552•7 2630. 5 2709 61 2789. 6 
7 | 7396.5 | 1966.2] 203 4 2107.9 [2180.22 52.9 2326. [2401.4 2477.712554. 0 [2631.99 2710-9] 2791.2 7 
$ | 1897.6] 19674] 2037-8]2109.1[2181,2[2254.112327-9 [2402.7 2478.512555-302633-2] 2712-2] 2792. 8 
9 | 1398.8 1968.5] 2039.0] 2110.3 [2132.4 | 2255.312329-2 [2403.9 [2479.7 2556.6 2634.5 2713.6 2793. 9 
To | 1899.9 | 1969.7] 2040.2 2111.5 2183.5 2256.5 2330-4 2405.2 [2487.012557.842635.812714.9] 2795.1 10 
11 | 1901.1] 1970.9] 2041.4 [2112,7 ne 2257.812331.6 [2406.4 2482.3 2559.112637. 2716.2] 2796.5 | 11 
12 | 1902.3} 1972.0] 2042.6] 2113.9 2186.0 2259.0 2332.9 2407 ·7 2483-5 2560.4 [2638.4 | 2717.5] 2797.9 | 12 
13 | 1903-4] 1973-20 2043-8] 2115.10 2187.21 2260.212334-1 [2409.0 2484.8] 2561.7 [2639.7] 2713.9]2798.3 | 13 
14 1904.0 | 1974.4 | 2044.9] 2110.3 2138.412261.4 2335.3 [2410.2 2486.11] 2563.0[2641,0] 2720. 2 2800. 14 
re 190/1975646. 1 2117.5 2189.652262. 7 [2336.6 411.5 2487. 2564.3 2642.3 272 1.5 2802.0 | 17 
15 130% 1976.8] 2047.3 150. 2190.8] :263.912337-$ [2412.7 2488.6 5 2643.5 2722 912803. 31 
17 1908. 1 1977-9] 2048.5 2119.812192. 02268123390 [2414-0 2489.9 2566-9] 2644.9 2724. 2 [2804.7 | 1: 
18 | 2909.2 | 1979.1] 2049.7 [2121.0 2193.31 2266.3 2340.3 31 2491.2 [2568.21 2646.327255 2806.5 ; 18 
ig | 1919.4] 1980.3 2050.8] 2122 22194. 5 2267.5 2341. 5 [2416.5] 2492. 5 [2569.5 24525 2726.9 2807.4 | 19 
Zo | 1911.5 Es! Fx 2123.4 |2'95-712268.38]2342.8 [2417.8] 2493-7 [2570.7 2648.9 2728.2 2808.7 20 
21 | 191274 1982*6] 2053.20 2124.6 2196.9 2270.0 [2344.0 [2419.0 2495.0 [2572.6 2650,2[2729*5|2810.1 | 21 
22 | 1913-8] 1983-7] 2054.4} 2125 8[2198.1} 2171.2 2345-3 (2420: 3 2496.312573.3] 2651.51 2730.828114 | 22 
23 | 1915,0 1984.5 2055.6 S120 2199.3 2272.5 2340.5 $2421. 2497.5 2574.6 2652.3] 2732.2 2812. 23 
22 1916.2 1936.1] 2056.8] 2128.2 12200.5 1 2273.7 2347.8 [2422.8 2498.8 [2575.9 2654.1] 2233.5 2814.14 24 
2 1917.3 1987-3 2053.0]2129.4 | 2201-7 [2274.9 2349.0 [2424-0] 2500-1]2577.2 2055-4 2734.8 [2815.5 25 
2 1918.5 | 1988.4 2059.1} 2130.612203.0 2276.1 2350.2 [2425.32 501. 4J2578.3 2655.1 2736.2 2816.8 J 26 
27: | 1919.6 | 1989.6] 2060.3] 2131.8 [2204.2 [2277.4 [2351-5 2426.51 2502.7 [2579.8 2658.11 2737.5 2818.2 | 27 
28 1925.8 1990-3] 2061.5] 2133.0 = 2278,612352-7 [2427.3] 2503-4 2587. 126 59.4 2738.8 [2819.5 | 23 
29 | 1921.9 | 1992.0: 2062.7 21 34.2 [2200.6 [2279.8 [2354.0 [2429-1] 2505-2 2532.4 2660.7 | 2740-2 2820.9 | 29 
39 1923.1] 1993-7 266 3-91 2135-4 12207.38]2281 2355-2 [2430.3 2506. 5 2583.7 [2662.0] 2741.5 2 30 
31 | 1924.34 7994-3 2065.11 2136.612209.0f2282,3 2356-5 [2431-0 2507, 2555.0 2663.3] 2742.9]2823.6 } 31 
32 | 192544 | 1995-5) 2066.2 2137.8 [2210.2 2283.52 57-7 2432.9 [250.0 [258 5 2664.6] 2744-2 3 32 
33 | 1926.6] 1996.6]2c67.4] 2139.0]2211.4 2284.7 2358.9 2434-1] 2510.312537.6] 2666.0 2745.5 2826.3 | 33 
34 | 1927.8 1997.8] 2068.6 2140.2] 2212.9 [2286.0 2300.2; 2435-4 2511.8 [588.9 2667.3 2740-9] 2827.7 34 
35 1928.9 | 1999-0 2069.8} 2141.4|2213.9 [2287.2 [2361.4 2436.7 2512.9 2590.2 2668.6 2748.212829 0 35 
3 1930.1 | 2000. 2 2071,01 2142.1 3 2288.2 2362.7 2437.925142 259145 2669.9 2749.5 2830.4 36 
37 | 1931.3] 2001-3] 272 [2743.3] 2216.30 2289.7 2363.99 2439 2] 2515.4 [2592.8 $2671,2[ 2750.9] 2831.8 | 37 
38 193241002. 5 2073.4 2247. 2217 5[2290.912365.242440-44 2516.712594-142672.51 2752-2 2833.1 | 38 
39 1933.6 2093.7 2074-6] 2140.2f2219.7| 2292.1 2366.4 2441. 2518.025954 2673.9 2282.5 2334-5 | 39 
40 17377 2004.9 2075.7 | 2147.4 | 2219.9 2293. 2367.7 4443.0 2519. 3]2596.7 [2675.11.27 54-4]2835 8 40 
41 1935.9 2000-0 2076.94 2148.6] 2227.212294. 2368.9 2444-2 [2520.1 267 2756.2 2837.2 [41 
42 [1937 2007.2] 2078.3 [2149.0] 2222.41 2295.31 2370.2 12445- 2521.8 2838.6 | 42 
43 | 1938.2 2008.4] 2079.3} 2151.0] 2223.61 2297.0] 2371.412440-51 2523-1 ?839.9 | 43 * 
44 | 1939-4] 2099-6] 2030.5} 2152.2] 2224.8] 2295.3] 2372-7 $2443-0] 2524-4 2341.3 | 44 
4 1940.5] 2010.7] 2081.7 2153-4 2226.0 2299.512373.9]2449-3] 2525-7 2842.6 | & 
4 1941.7] 2011.9] 2082.9 2154.6} 2227.2 2300.7 2375-2: 2450.6] 2527.c 2844.0 [4 
47 | 1942.91] 2013.1] 2084.1] 2155.$Þ 2228, 54 2302-0 2376.4 2451.8 2528.3 284 5.44 
42 1944.0 2014.3] 2085.3] 2157.0] 2229.7 2303-24 2377-7 $2453-1] 2529. 2846.74 
4919452284 . 5 2158.2 2230.9 2309-41] 2379-9 [2454-3] 2530» 2848.1 49 
50 | 1946.41] 2016.6 2085.71 27 9.4| 2232.1] 2305.7] 2380-1 2455-6] 2532.1 2849.5 | 50 
51 | 1947.5] 2017.8] 2088.9] 2160.7 2233-3] 2306.9] 2331-4 $2456.90 2533-4 812850. 8 | 5x © 
5a | 1948.74 2019.0 2090.1 [2161.9] 2234.6] 2308-1] 2382.6 245812534. 2852.2 | 52 
53 | 1949.9] 2020.2] 2091.3[2163.11 223589 2309-4 2383.9 [2459.4] 2536.0 2853.6 | 53 
54 | 1951.0] 2021.3] 2092.54 2164.31 2237.0: 2310,6] 2385.1 [2460.7 | 2537-2 2854-9 | 54 
5 1952.2] 2022. 52093. 7 16 f6[2238.2 2317.8] 2336.4 2467.9 2538.5 28563] 55 
| 56 1953-9] 2023-7 | 2266.7] 2239.4] 2313-1 2387.6 j2463.2ſ 2539. 2857.7 | 5b 
| 57. 1954-5] 2024-9 91 2240.7] 2314-3 2388.9 [2464.5] 2541-1 28 59.147 
58 | 1955.74 2026.90 42241.9] 2315.5] 2390-2 [2465-5] 2542-4 28 $ 538 - 
22 1956.9 2027.2] 2 21 2243-7] 2316.7] 2391.4 [2457-0] 2543 7 2887. 522 
: 4 Ain, | Min. =. | Min. | Min. | Min. | Min. Min | M 
Een | 34 J 35 36 37 33 42 L. 
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3081.2 
3052. 6 
3054-1 
3055.5 
3058.3 
3059 7 
3061.2 
3062.6 
3064.0 
3065.4 
3066.9 
3068. 3 
3069.7 


3072.6 
3074-0 
307544 
3079.9 


; 3078.3 


3079.7 
308 1. 1 
3032.6 


3088. 3 
3089.7 


3056.9 


3071.1] 


7084. 0 
2085.4 
3086.9 


3412.7 
3414.2 


6] 3415.8 


3417» 


3418.8 


3420.4 
3421-9 
3423+5 
3425.0 
3426.5 
3428.1 
3429.6 
3431.2 
3432.7 
2434.2 


3435-8 


* 50 
Min. 


3476.1 
3477.6 
3479.2 


— — 


3482.3 
3483.9 
3485.4 
3487.0 
3488.5 
3490.1 
3491-7 
3493-2 
34948 


þ 

3497-9 
34995 
3501.0 
3502.6 


3505.7 
3507-3 
3508.9 


3510. 5 
3512.0 


3513.6 
3518.1 
3516.7 
3518. 
3519. 


3524.6 
3526.1 


3529-3 


3532-4 
3534-0 
3535-6 


3537-2 
3538.8 
3540-3 
3541-9 


3542-5 


3545-1 


$] 3546.7 


3543-2 
3549 ·8 
3551-4 


3480.7} 357542 


3496.3 


3504.2 


3521.4 
3523-0 


3527+7 [353+ 
3530.9 


3553-0 


_ 


52 


Min. 
3665.2 
3666.9 


6] 3670.1 


367147 
3973-4 
3675.0 
3676.6 


$3 
Min, 
3763.8 
3765. 5 
3767.1 


3770-4 | 3277: 


3772.1 
3773.8 
4 1 
3777.1 
3778.8 


3780.4 


3782.1 


$] 3783.8 


3785.5 
3787.1 
3788.8 
3790.5 
3792.1 


6 3793.8 


37955 
3797+z 
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Min. 


4649.3 


4743-2 
4745.3 
4747.4 
4749.5 


66 67 


Min. k Min. 


5323.5 5474-0 


5326.0; 5476.6 
5328.5 5479.2 
5730.9 5481.7 
3333.4 5484-3 


5335.9 
5333.3 
5340.8 
53433 
8345.7 


21.7 


5348.2 
5350.7 
$353-2 
5355-6 
5358.1 


5360.6 
5363.1 
5364.6 
5368.1 
$379-5 
5373 · 0 
5375.5 
5378.0 
5380.5 
$383-9 


6] 5569-9 


5486. 9 
5439.4 

5492.0 
5494-6 
5497.7 
| 549967 
5502.3 
5504-9 
5507. 5 


5512.6 
5515.2 
5517.8 
$520.4 


5528 


553078 
$5334 


5538.6 
5541.2 
5543-8 
5549.4 


5551.6 


5554.2 
556.8 


5502.1 
5564.7 
5567.3 


5572.6 


55278 
5580.5 
5581.1 


5591.0 


5528.2 


85895 


5510.0 
5823.0 
5539-0 


5549.0] 


$5752 


5585.7 [5747-5 
5588 4. 
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A ES ee te bs 
Min, | Min. |{Min. | Min, | Min, | Min. | Min, | Min, | Miu. | Min. | Min, | Mm: 

4 5794-6] 5966.0 16145.71 6334-9] 65345 [6745-7 [6970-3 | 7219.1] 7467.2 [7744-6] 3045.7 [83 5-3 1739.1 
I | 5797-4 5968.9 6148.8 6338.1] 6537-9 [6749-4 [6974-2 [7224-2] 7472.7 [7749.4 | 8051. $38 | 

25800. 5$971;5 [6251.963474 6541.30 6753-0 [6978.1 [7228.3] 7476.1 [7754.2 8086.3 $386.8]8751.9] 
315803. 5974-7 0155-0 6344-6] 6544.7 [6750.6 [6980.9 7222.5 7480.6 [7759.0 [8061.5 [8392.6[87 11 
4e. 5977-7 618.0 6347.8] 6548.2 678 3698 5.8 | 7226.5 | 7485.0 7763.9 8066.8 8398.3 8764. 
6 5808.6 5980.6 [6161.1 6351.1 6551,6 6767.8 6989.7 7230.8 7489, 5 [7768.7 8072.0 8404. 11 8771.2 
9 


6 

5811.4 9283.5 6164.21 6354- 05S$-0 6767.6 16993.617234-9| 7494-0 $7773-5 [8077.3 $409 9 8777.7 

5814.2 5986.5 | +5 $0771-216997.5 [7239-1] 7498.5 [7778.4 | 8082.6 8415.88 

| 5827.0] 5939.4 [6170.4 [6360.9] 65 1.99 6774 91701 4 7243-3] 7592.9 7731. 8087.9 8421.618790. 6 

2-3 5992-4 [6173.5] 6364-1] 6565.44 6778.5 2005.3 242.5 2507.4 [7788.1 | 

x0 | 5822.6 | $995+3 |6176.6$6367.4] 6568.3] 6782.2 7009.2 | 7251.6] 7512.9 [7793.0 80g8.5 [8433.31 3303.6] 10 

x7 | 5825.4 | 5998.3 [6179.7 6370.61]6573.34 6785.8] 7013.1 472 8 7516.4 7797.8 $1038 8439. ö 

12 5828.2 0002.2 [6132.34 6373.9] 6575.7 6789.5 707. 07250. 7520.9 [7802.7 [8109.2 8445.0 88 16.6 12 

13158370 5004. 2 [6185.9 6377.2 6579.21 6793-2 }70a0. As 7525-4 7807.6 [8174.5 [8450.9 | 8823 2 13 
| 6189.0 6380.5 6582.6] 6796.9 [7024.3] 72 '#] 7530-0 [7812.5 [8119.8 [8456.8 | 8829.7 14 


0 of νοο ell 


| 


14 þ 5833-9 | 2007 
T5 | 5836.7 | 6010.1 [6192.1 [6383.7 | 6586.3 6300.5 | 7028.7 $7272.51 7534-5 [7317.4 | $125.2 [846261 8836. Ic 
16 | 5839. 5| 6013.0 2798. 5387.0 6589.54 6804.2 {7032.7 | 7276. 7539-0 $7822.3 * 8468.6 8842.3 18 
125844. 3 5016.0 6195.3 6390.3 6253. 687.2 036.6 7281.0 7543.6 [7827.2[8135.9 433. 8849.4] x 
x3 | 5845.2 | 6019. o 2 5393.6 6596.5 6811.6 7040.5 7285. 2 4 7832.2 8141.3 | 8480.4 |88 58.0 18 
19 | 5848.0 1.9 {6204-6 6396.9 . 6815.8 7044-5 2289.4 7552-7 2832.118146. 8486. 38862. 6 19 
a0 5850.2 5024.9 [6207.7 6400.2 6803 4819.0 | 7048.4 [7293-7] 7557.2 [7342.0 $152.21 | $492.31 3369.3] 25 
ar | 5853.7 2 6210.8 403 5806 9822.7 705.4 | 7297-9] 7501.8 7847.0 [81 7.518458.2 8375.91 2x 
22 3030.862139 [6406.8] 5610.4 6826.4 6.317322] 7566,3 [7851.9 8152.9 8504.2 [8382.6] 22 
23 þ-5859-3 6033.8 6217.116410. 21 6613.91 6830, 1 0.31 7396-4] 75709 7356.9 $168 3 | 8510.2 | 8889.2 23 
24 4 = -$16320.2 [6413 4} 6617.41 6833.8 7064.2 2310.6 7575.5 [7361.9 [$173.7 [8526.2 | 8895.9 24 
2c 0 | 0039.3 | 6224.3 [6416.7] 6620.9] 6337.6 | 7068.2 |7314-9| 5530.1 [366 $187 .2$8522.2 8902.6 - 
— 6044.7 6225.7 - >> 04-4 5847. 7072 21 7319.1 7" - $79 - : 2 
* $94+»7 2 
27 bog 6627.9] 6845.0 ar 7323-4] 7539.3 
28 6631.4 6848. «a 173277] 7593.9 
29 |5635-c| 6852.5 7084.1] 7332-0] 7598, 3 
10 {3638-5 | 6356 2| 7088.1 [7336-2þ 7605.1 
L 586. 5880.5 2092, 12340. 6 7607.7 
L. 6645-5] $363, 7 | 7096-1] 7344-8f 7612.3 
33 6649-1] 6867.5 [7100.10 7349-1þ 7647.0 | 796 
34 56 f. 6687.2 [7104.1 7353-4] 7621.6 | 7911. 
8 6656.1 5 7108.273577 [7626.3 
— 6659.7 6878.7 [7112.2 {7362.0 7630.9 
37 6663.21 6882, 5 7116.2 7366.4 7635.6 
38 ö $1 6886.3 [7120.2 7370.7 7640.2 
22 6670.3] 5890.1 7124-3 [7375-0] 7644-9 
q$673-9] 6393.3 [7128.3] 7379-4þ 7649.6 [7943 
"WW a 6677.41 2397-6[ 7132.3 7238.5 7954-3 
0] 2659.9 


866. 5 3857 7136-41738 - 
, H$ 2905.3 [7149.4 $ 7392+4] 7663.7 
$0.1} 6688. {69cg.o [7144.5 7396.8 7668 
$691.74 6912.8 7148.6 | 7402-1] 7673.1]: 
6695-3 6916.5 7152.6 7405. 5 7677.8 
5698.9 6920.4 | 7156.7 7409.9 7682.6 
6702.4 | 6924.2 | 7166.8 [7414-2] 7687.3 
6706.0] 6938.7 | 7164491 7418-6] 2692.01 ; 

| 5500.4 6709.6 6931.9] 7169.0 7423-Q] 7096.8 
599-7 f6X | 6713-2] 6935-7] 7173-0] 7427+] 7792-5 


6746-3] 6939.5] 7177-1] 7433-8f 770643 


$8183 I251$3225 (25428 


94. 
594. 524 0943-4] 7181.21 7436.2 771 
8228. | «Of 6724-0 7:2] 7385-8] 7449-6 772538 8014. - 
25 2 e 
. * * 5 . 
57 $957-1 6734-91 69 s 7197-7 | 7453-9] 7730-3 $030.0 
585960. x 6238.5 6902.6 | 2204. we 773540. 
©$9 [5963-0 A. $5 | 7805-9] 24 773968. | 
"M36 I IEIEALAES 
q 9 E : :28 74 { 3s £ 77 — 


A Table of Meridional Parts. 


299 


Mae s nv 


10125.4 


1 


Min. 


10764. 7 
10776. 2 
10787 7 
10799. 3 


108106. 0 


11532. 6 

I $47.0 
- eG 
115759 
115905 


« + Was 


Nin. 


13916. 6 
13945˙4 


139744 
14003. 7 


140332 


2 10185. 


0194.8 
10204.6 
10204.4 
10224. 2 


10234 · o 
10243-$| 
102 53.7 
10263 6 
10273. 8 


10283. 5 
10293.5 
IONS 
10313- 


1082 2,3 
10834.2 
10845. 9 
tos 57.7 
10 869.6 
1088.4 
10893.3 
10905. 2 
109 17.2 
1929.1 
tog i 2 
10953-3 
10995.5 
109277 
1229.9 
11002. 2 
1.014. 5 
1 1026.9 


11039. 3 
11051.7 


11619. o 
11605. 8 
11634. 5 
11649.3 
11664. 1 


11679 x 
11694.0 
11709 1 
11724.2 
11739-4 


14093.0 
141233 
14153e9 
14184.7 
142 15.8 
142472 
1427.9 
14310. 9 
1434 3-2 


14c63,0 j- 


17213-2 


17 54+7 
11770.0 
11785.4 
11800.9 
11316 4 
11832,0 
11347.6 
11863.4 
11879.2 
11895.1 


143758 


74 543-5 
14578.1 


611467 5 
3 


1464 
14683 9 


172887 
17366. o 
17445-9 
17525.9 
17608.7 
17693. 6 
17869. 


17961. 6 
1805.8 


11064.2 
11076. 8 
11089. 3 


111020 


11114. 6 
11127.4 
11140.1 
111 2-9 
11105. 

11178.7 


10553-3 
10564.1 


111917 


11204. 7 
11217.7 


11230. 9 


11244. o 
11257. 2 
11220. 
11283. 


11297. 1 
1130.6 


I1gI1.0 
I1927.1 
11943 1 
119594 
11975. 6 
11992. 0 
12008. 4 
12024. 9 
1204 1.5 
12058. 2 
12074. 9 
12091.7 
12108. 6 
12126. 6 
12 142.7 
12159. 9 
I2177.1 
I21 
12211. 


12229.3 


131493 
13172.3 
13195. 
1327445 
I 3242-3 
13265. 9 
13289. 7 
133132 
13337·8 
13362. 
13386. 6 
13411. 2 
13436 1 
1146 1.1 
1486.3 


| 11324.0 


113376 


11351. 


11 392-2 
11406.0 
11419.3 


N . 
1 .6 


12282 3 
12300. 2 
12313. 2 
12336.3 
123544 
12372. 7 


112391. 0 


12409. 5 
12428. 0 
1 
1245.3 
12484. 2 
12547. 
Mis. 


36 Y 
; 


Tt 


13511.6 


14719-9 
14756.3 


1825243 


13354-9 
18400.7 


15102. 3 


15184.2 
1522 5. 8 
15268. o 


1530.7 
15354-0 
15 397-8 
1 „1 


161 32.0 
16187. 0 
16242 9 


15143-0] 


18682. 5 


25 
26532.9 


- Min, 


2 


17780.7 : 


181526125 


185698 


2798.0 
30364.3 


10 
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For Numbers increaſing 1 in their N atural Order from Unite 


io, 
Num. | Logarith. Num. Logarith. 12 garith. 
x [0.000000] 34 1.531470 | 67 1826975 
_ 2. [0.301030 35 1.54400 68 [1.832509 
3 [0.477121 36 1.536302 69 1.838849 
4 [0.602060 37 [1. 568202 70 1. 845098 
5 $444 (04 38 [1:-579784] | 71 [1.851258 
6 [0.778151 39 1.221065 [ 72 [1.857332 
7 S4 | 40 1.602060] | 73 [1.863323 
8 [0.903090 | 41 1.612784 74 1.869232 
9 o. 954242 | 42 1.623240 | 75 [1.875061 
10 [1.000000 43 [1-633468} | 76 1.880814 
11 154337 | 44 1. 043453 | 77 3 8 
12 1.079101 j__45_ 1.053212] #Þ= 4.2 25 20 
13 1.113943 46 1.562738 | 79 [1.897627 
14 1.146128 47 1. 672098 80 —844 | 
15 [1-176091] | 48 [1.681241] | 8: [1.908485 
16 f. 204120 f 49 1. 1 | 82 [1.913814 
17 11-230449] | 50 1.698970] | 83. [1.919078 
18 [1.255272] | 51 [1-707570| | 84 924279 
19 [LEE 8754. |. 52 [1716003] 85 11-929419 
"F000: The 301030! | 53 [1.924276] | 86 [1.934498 
21 [1.322219] | 54 1.732394 | 87 93919 
22 1.342423 | 55 [1740363 | 88 1.944483 
23 1.861726 [ 56 1.748188 89 1.949390 
24 1.38011 [( 57 [1-755875| C90 1.954242 
"8-4 * 22785 + 188-4 1.763428] | 91 11-959041 
25 [1.414973]: |. :59 [1770842]. 21.953288 
27 28 50 1.778131 | 93 1.968483 
28 1.447158 | 61 1. 785330 94 [2.973128 
29 [1.462398] | 62 [1.792392] | 95 [1.977724 
30 [1.477321] [6392340 1. 96 [1-982271 . 
31 1.491362] 64 1. 806180 | 97 [1.986772 
32 E 1812913498 f. 991226 
| th 505 66 11819544] 99 14.993535 
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1041017033 
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053078 
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075912 
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026124 
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053846 
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| 040495 


061452 
065206 
068928 
072617 
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079543 
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086716 
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093772 
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087071 
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5097257 
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107549 
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| 140194]! 
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(249527 
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155040 
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104487 
107888 
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8 eo 
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140835 
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10105 
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121560 12 


13043 
158 
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= 

001201 
005099 
009870 
OI4100 
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022428] 


026533 
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038620 


042575 
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054230 
058046 
061829 
065580 
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—— 
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1048280 
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014520 
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006456 
010724 
014940 
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026942 
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832017 
642959 
046885 
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031408 
2 
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047275] 
051152 
054996 
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= 


2 
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002598 
006894 
011147 
015360 
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023664 
027751 
031812 
035830 
039811] 


003029 
007321 
011570 
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019947 
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007748 
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016197 
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024486 
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| 05576 O 
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044540 
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059942 
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070776 
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4A 


9 
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1092370 
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063708 
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135403 
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434728 
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412124 
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410608 
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405688 
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438067 
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A Table of Artificial Sines, Tangents, and Secants. 


6 Degrees. 


7 Degree. 


lo ei own [+ wb o| un 


10 


188888 „ 


Sine. 

99515235 
9 020435 
9.021032 
9.02282 5 
9.024016 
9 02.5203 
9.026336 
9.027567 
9.023744 
9.029918 
9.031089 
9. 02225 
9.033421 
9.034582 
9.035741 
9.030896 


19.038048 


9 039197 
9.040342 
9.041485 


| 


9.997614 
9.997601 
9.997588 
9.997574 
9-997501 
9-997 547 
9.997534 
9.997520 
9.997507 
9-997493 
9.997480 
9.99746 
9.997452 
9997439 
9-997425 


9 021620 | 
g 022834 
9.024044 
9.025251 
9.0264 155 
9.027655 
9.028852 
9.030046 
9.031237 
9-032425 


10 97838c 


10.977 166 
10.9759 56 
10.974749 
10.973545 


Secant. 


10.002 386 
10. 02399 
10.032412 
to. ooa426 
10.002439 


10.97234 
10.97 114 
10.9699 54 
10.968763 
10.967828 


10.002452 
10 002466 
10.002479 


10.c02493 
10:002507 


eee 
9.03479 
9.647742 
9· 03314 
. 


3.997411 
9.997397 
9.997383 
9.997369 
9.997355 


9.039485 
9 agobg1 
9.0418 13 
9.042973 
9.044130 


10.966391 
10.965209 
10.964031 
10 9628 56 
10.961684 


10.002 5a 
10.002534 
10.002548 
10. 02 50 
10. 002 575 


10.960515 
19.959349 
10.958187 
10. 95702 

10.955870 


10. 589 
10 002603 
10.002617 
0.00263 1, 
10.00264 5 


10.9: 0765 
10.979 565 
10.978368 
10.977175 
10.97 5984 


10.9747 v7 
10.973613 
10.972433 
10.971256 
19,979082 
10.968911 
10.967743 
10.966579 
10.9654 17 
10. 9642 59 
10 963104 
10. 961952 
10.960803 
10.95 9658 
10.958515 


9.042615 
9 043762 


9.997341 
9-997 327 
9.997313 
9.997229 
9.997285 


9·04 5284 
9.046434 
9 042582 
9.048727 
9.049869 


9.048275 


9.049400 


9.050519 
9-251935 
9 05274 


—ͤ mM — u—u—.:. 


9.052889 


N 9.0549 


9.056071 
9.057172 


19.058271 


19.059367 
6 9.000460 
$9.06 (552 


9.062039 
9.063723 
g.064806 
9.66588 5 
9.066962 
9.058036 
9.069107 


9.997271 
9.997257 


9.997242. 


2 997228 
9.997214 
9.997199 
9.997185 
9.997170 
9.997156 
9292. 
9.997127 
9 997112 
9.27035 
9.9970 

pert 


9597053 
9.997039 
9.997024 


9.992009 


9-996 994 


9.05 1008 


19.945593 


10.954710 
10.953566 


10.952418 
10.951273 
10.950131 
10.948992 
10.947856 
10.946723 


10 944465 
10.943340 
10.942219 
10.941 100 
10.939984 
10.938870 


10,026 59 
10.002673 
10.002687 
10 002701 


10 002715 


10 957375 
10.95623 
10.955105 
10.95307 
10.9 5284 


10.002729 
10.00274 
19.00275 
I0.002772: 
10.002786 
10.0028 .1 
10.002815 
19.002830 
10.002844 

10.0028 59 


9.072113 


9˙0701 26 
9 071242 
9.07230 

9.073366 


9.074424 


9 996379 
9996964 
9-996949 
9+996934 
9 996919 


2.975 o 
9.070533 
9.077583 
47 be 
9.079676. 
9.080719 
9.081759 


9.032797 
9.0838 32 


19.0848 
[9-085894 


9'996904 
9.996889 
9.99687. 
9.99685 
9.995843 


9.07319 
9.07427 
9.075356 
9.075432 
9-077505 


10.937760 
10,936652 


10.935547 


10.932248 
10931153 
10.93 

10.928973 
10. 927887 
10.926803 
10 925722 
10.923644 
10,923 568 
10.922450 


10,934444Þ 
135 $12-933345} 10- 


10.00287 
10.00288 


10.951721 
10.9 50599 
10.949481 


10.946141 
4 
10.94392 

| 34-444 34 
10.941729 
10.940633 
10. 930 54⁰ 


10938442 


10.937361 


110 936276 


10.948365 32 
1.942287 31 


| 10.002946 
10-002961 
10.002976 


10.002991 
10. oo 3006 


10.935194 
10.934177 
10. 93 303 


10.937984 
10.930893 


10 003021 


10.003036 


10.003051 


4 003066} 


10.00308 1 


9.078576 
9.079 

9.080710 
9-081773 
9.082834 


9.996828 
9.996812 
9-999797 
9 996782 
9-996766 


9.083891 
9-0 7 
9-086000 
9. 870 50 
9 088098 


9.996751 


9.089144 


10.92 1424 
10.920356 
10. 919290 
10.918229 
12.9257 


10.003096 
10.003111 
10.003 126 
10.003 142 
10. 03 1 57 


10 916109 
10 915053 
10. 9 4 
10 912950 
10.911902 
10. 9 108 56 


10.003172 
o. 03187 
10. 03203 
to. 03218 
10.003234 


Tang. 


10.003249 


* 3 

10.927694 
10. 926634 
10.928870 
10.924 520 
10.923467 
10.922417 
10.92 1369 
22 
10.910281 
10.918241 


10.916716 


10.914106 


3 | 


10.917203 


10.915156 


Secant. 


Eo =S$G3+Glowes dE HCIGHSS 


9.033970 
9.089990, 


19.996735 


9.996751 


9 996720 
9.996704 
9.996688 


9.996673 


Tang. 


9.089144 
9.090187, 
9.091228 
9.092266 
9.093302 
9-094335 
9 095397 
9 09639 
9.097422 


\S © 


9-996 594 
9.996578 
9.996562 
9996546 
9.996530 
9.996514 


49 


819. 105550 


9 99468 


Secant. 


10.3 108 56 
10.9098 13 
10. 90877 


10.907734 
10. 8608 


10.003240 
to. 03205 
to. 03286 
10. 003296 
10 003312 


10. 91410 
10.913097 
ro. 9 12051 
10.911030 
to. gicoie 


10.905664 
10.904633 


6] 10.903604 


10. 902 578 


T7, 10 901554 


9 100487 
9. 101 fo 
9.102519 
9: 103532 
9.104542 
9.1005 56 


9-1075<9 
9.108590 


9 
19.996417 
19.996384 


9 

996433 
9.996400 
9-996368 


9.10955 
9.1105 
9. 111551 
9.112543 
9-123533 


19.900532 
10.899513 
10. 897495 
10.897481 
10. 896468 
10. 89 54 58 
10. 894450 
10.893444 
10.892441 
10. 891440 


— — —— 


10 887457 
10.386467 


10.003325 
10. 00 5343 
10.003359 
10 003375 
10 003390 


0.003406 


to. 03438 
10 003454 
10. co3470 
10. 003. 86 
10 003502 
10.003 5 18 


10.003534 
10.003 551 


10.003600 
10.003616 
0. 03032 


49.996351 


2.22894 


9.99633 
9.99631 
9.996302 
9:99628 5 
9.996269 
9.996252 
9.99623 

9.99621 

9.996202 


9.995963 


19.995918 


9.995 - 
9.995 

9.995376 
9.995359 


9.739037 
9.139904 


9.141754 
9.143555 


9. 1408 50 9. 
9242655 


222 


6849. 125249 


719128130 
9.129087] 


19-734 3 


061 9.145044 


819.14 
19-14 


9.114521 
9.115507 
9.120491 
9.117472 
9.119429 
9.120404 
9.12137 

9.12234 

9-123317 


10.885479 


10. 884493 
10.883 50 


10. 882 52 

10. 88 1 548 
10. 880571 
10.979 596 
[20.978 23 
10. 878681 


10. 003649 
10. 03665 
10. 003682 
10.003698 
10.003715 
9. 3731 
10.003748 
10.003765 
10.003781 
10.003789 


10. 0034224 


— — — 
10.003 567 
4440. 03 583 


10.908992 
10.907976 
to. 906963 
10.905953 
10 904944 


10.889 127 
to. 883158 
10.887191 
10. 886226 
10. 88 5263 


10.884302 


10.8833 
10.882 387 


10.88 14 
10.380401 


9. 124284 | 


9.16201 
9.147172 


9.130241 
9.130994 
2.431 

9132893 


10.875716 
10.8747 61 


10. 87378 
10.872828 
10. 871870 


10 003815 
10.003832 
10.003849 
10. 003866 
10. 003883 


10. 870 531 
10.878 ; 
10.877638 
10.876694 


10.3757 52 


10. 86 56 
10. 867 107 


10. 003900 
10.003917 
10.003934 


10.003851 
0.003968 


10.874813 
10.873875 
10. 872949 
10. 87a007 
10. 871075 


9. 133839 


9.135726 
9.136666 
9.137605 
9.738542 
9.139476 
9.140409 
9.141340 
9.142269 
9.143196 
9 144121 


6 
357 
9.14780 


10.866161 
10.865216 
10 864274 
10. 863333 
10. 862395 


10. 86 1458 
10. 8605624 
10.8 59 591 
10.858660 
20.882221 
10. 856804 
10.856879 
10. 8 549 5 


10.854034 
to. 853115 


10.852197 


10.003985 
10.004002 
10. 04020 
10.004037 
10.00405;4 
10004072 
10,004089 
10,004106 
10.004 124 
10.094141 
10. o04 159 
10. 00476 
10.004194 
10. ooꝗ4a 12 
10. 004229 
10,004247 


| 


Tang. 


10. 870146 
10.859219 
10. 868294 


10. 867370 
10. 866449 


10. 865 5 30 
10. 864612 
10. 863597 
to. 862784 
10.861872 


10. 86096 

10.860855 
10.8 59 150 
to. 858246 
10.857344 


10.856445 


Secant. 


10 
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Artificial | 


7 
5&1 


Sinet, 


e 


Tangents, and Secants. 


8 Degrees. 


9 


Degre:s. 


392.2285 


19.995628 


$1569 [9-99559" 
19.995573 


819.995 537 


ö 9. 99550 O 
9.995482 


{erat 
9.995753 
9.995735 
9.995717 
9.538687 
U 


Tang. 


| 147802 
9.198718 
9.149632 
9.159544 
9._51454, 


9 995663 
9 995640 


9.995609 


2.995555 
9.995519 


9.152363 
9-153269 
9154174 
$+1$5077 
9.155978, 
9.156337 
9157775 
9.158671 
9.159565 
9.100457 


Secant. 


* 


10.8 32197 
19.851282 
10 850 368 
10.849456 
10. 848 546 


— ater _— 


10.347637 
10.846731 
10.845826 
10.844923 
10 
10.843123 


10. 840435 


022] 10. 
— — — 


10. 8422251 0. 
10.841329 


10.839843] . 


9.995464 
9.995445 
9.995427 
9.995409 


161147 
8 
9.163123 
9.163008 
9.164892 


10. 838663 
10.837764 


10.835992 


10 836877 
10.835 1080 19.0 


4819.184651 
4919.188456 


boſ 9.194332 


9.168008 
9. 1688 56 
19˙ 16970 
49.170546 
19.171389 

9 192230 


9.995380 
9995772 
9.995353 
9-99533 
$9-99537 


9.76577 

CHE 
9.167532 
9.168459 
3.769284 


1 0.834226 
10.833346 
18.832468 
10.831591 
10. 3307 16 


9.995297 
9.99527 
19.995265 
9.995241 
9.995222 


9.170157 
9s 17 1029 
9.171899 
9.172767 
9.173634 


10.829843 
10. 828971 
10.828101 


9.995203 
9.995184 
9.99516 
9.99514 
9.99527 


9.174499 
9 175303 
9.170224 
9.177084 
9 177942 


9 995108 
9.995089 
9.995070 
9.995051 
9.995032, 


9.178799 
9.179655 
9.180508 
9.181360 
9.182211 


9.995013 
9.994993 
9.994974 
9994955 
9 994935 


9.182196 
9.183016 
9.183834 


9.186280 
9.787092 
9.187903 
9.188712 
54 g.189519 
19-199325 
19.191150 
'$9-191933 
19.192734 
9.193534 


9.994916 
9.994896 
9 994377 
9.994857 
9.994838 
9.991878 
9.994798 
9.994779 
9.994759 
9.994739 


9.183059 
9-1839⁰7 
9.184752 
9.185597 
9:136439 
9.187280 
9.188120 
9.188957 
9.189795 


9. 191 462 
9.192294 
9.193124 
9. 193933 
2.194280 
9. 195606 
9.190430 
9.197273 
9.198074 
9 198894 


9.190629 0 


10.8 16940] 10.004987 
10.816093] 10.005007 
10.815247 10.005026 
10.814403] 10.005045 
10.813561 10.005065 


10.004 247 
10.004265 
10.004283 
10.004301 
10. oo4 31 


10. 004 336 


10. 803 570 


9.1997 12 


| 

1 
” 
* 


I 


Tang. 


10.005221 
10 806047 10.0052 
to. S052 201 10.0052 


to 802747 10.005 2c 
10. 801926 10.0053 
10. 801106 10.0053 
10. 800287 10 005380 


50 


10. 804394] 10.0052 


10.356445 


10.855547 þ 


10.8 54651 
10.853756 


10.852864 56 


10.851974 
10 85 10 5 
10. 8 5019 

10 849314 
10.848431 


| 70.830298 


10. 820453 
1.84881 I 


10.823589 
10.8227 57 
10. 821928 
10. 8a i ioo 


Tang. 


9.994520 
9.994600 
9.994580 
9.994560 
9.994540 


9-199712 
9.200529 
9.201245 
9.202159 
9.202971 


9.994519 
9.994499 
9.994479 
19.994459 
9.994438 


9 994418 
9-994 397 
9.994377 
9 994357 
9.994336 


06 On [+ ws 0 ui 


9.203782 
9 204592 
9.205400 
9 206207 
9.207013 
9.207816 
9.203619 
9.209420 
9.210220 
9.211008 


10.797841 


10.796217 
10. 79 5408 
10.794600 
19.793793 
10.79299 7 
1.792183 
10.791381 
10.790580 
10. 7 9780 
10, 788982 


Sccant. 


10. cold 
10.799471 
10.798555 


10.79 9. 


10. 005380 
io. co o 
10 00 5420 
10. C05 440 
0.05460 


10. C0481 
10.005 501 
10.005 52 
10.005 541 
10 005562 


10. C0 5581 
10.05 
10.005623 
10, 05643 
10.005664 


9.994316 


9.994274 
9 994254 


9-211815 


9.21340 
9.21419 


9 994212 
9.994191 
9.994171 
9.994150 
9.994129 


921577 
A 
9.212356 


9.118142 
9.218926 


10.788 18 5 


9.994295 9.212611110.787389 


10.786 59 5 
10. 78 580⁴ 


9.994233 [9-214989 10.28 8011 


[0.784220 
10.783422 
10.732 

10.781 350 
10. 78 1074 


10.005584 
10. 05705 
10.005723 
10 005746 
10.005767 
10. 00 5788 
10. 05809 
10. 00 5826 
10. 00 58 50 
10 005871 


9.994108 
9.994087 
9 994066 
9.994045 
1219.994024 


9.219710 
9.220492 
9.221272 
9.222052 
9.222830 


9.994003 
9.99 3931 
9.993960 
9:393939 
9-99391 


[9-223606 


9-224328 
9.225156 
9-225929 
9.226700 


9.993396 
9.993375 
9.993854 
9.993832 
9993811 
9.993789 
9.993768 
19.993746 
9.993725 
9-993793 


9-227471 
9.228239 
9.229007 
9-229773 
9239539 
9.231302 
9.237005 
9.232826 
9.233586 
g 234345 


9.993681 
9.993560 
9.993638 
9.993616 
2412.223894 
9.993572 
993550 
993528 
9.993506 
9.993484 
9.993462 
9.993440 
9.993418 
9.993396 
9.993374 
9921251 


Io — us > on | 00 


9.235103 
9.23 67 
9.23001 

9.237368 
9.238120 


10. 7802 90 
10-779508 
10.778723 
10.777948 
1.272170 
10.276393 
10.775618 
to. 774844 
10 774071 
10.773300 
10 772520 


10.771760 


10.770993 
10.770226 
10.769461 
10.768698 
10.767935 
to. 767174 
10.7664 14 
10.259655 
10.264897 
10.764141 
10 703386 
10.762 3 
10. 761880 


10.005892 
10.005913 
10.005934 
10.005955 
10.005970 


10. 806668 
10.804871 
10. 804075 
10. 803281 
10. 802489 
10.801589 
10. 800909 
10.800121 
10.799334 
10.798549 
10.797765 
10.796933 
10.796203 
10.795423 
10.294645 
10.793869 


10.793094 
10 792320 


10.791548 


10.790778 


18.790005 gooos 
10.789240 
10.788474 
10. 787709 
10.786945 
10.786182 
10.78 5421 
10.784662 
10733223 
10 78314 


10.005997 
10. 2 
I0.00bogof 
10.006061 
10 006082 


10.006128 


10. 006 103 


10.005. 46 
10.006 168 
10. 06 6189 


10.782391 
10.781636 
10.780884 
10.7801 3 
10.779282 
10.778633 
10.777885 
10.77 139 
10.276394 
10.775550 


10.0062 11 
10.006232 
10.0062 54 
10. 0627 5 
10.006297 
10. 00631 
EAST 
10.006 362 
10 006384 
10. oo 305 


10.774908 
10.774167 
10.77 34% 
10.772689 
10.771952 
1 79433 
10.7 I 
10.769743 
to. 16 
10.768285 


9238872 
9.239622 
2422723 
9 241865 
9.242610 
9-243354 
9.244997 
9.244839 
9.245579 
9.249319, 


3 Secant, 


Sine 


10.761128 
4 0 
10 759929 
to. 758881 
10.758135 
10.757 399 
10.7 56046 
10.755903 
10.758161 
10.754421 
10.753681 


Tang. 


10. 006428 
10 056450 
10.006471 


10.006493 
10. 006 51 


10.7675 56 
0.766828 
10.766 1c 1 
10.765375 
10.764651 


10.006578 
10.0065 
10,006582 


— 


10.763927 


| 10,763205 


10. 762485 
10.761765 
19.761047 
10,7603 30 


Secant 


bo | 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


4s 


47 

46 
45 
44 
43 
42 
41 


75 


wo 018 88 


Elos vw + amlow 


egrees. 


O 4 


egrees.” 


. yo ** * 


EEE — E ² w; ARSE T Ü n * „ 
8 1 <7 


326 ä of ene Sines, 7 angents, and Secants. 


RET 5 — 7 . — 


Io Degrees. 


4 


Sine, Tang, 8 Secant, |: aas. | | 'Secant, | f 


9.239670 9.993371 | 9.246319 [10 753681 15. 06648 10. = 10 
9.240386 9.99332 [9.247057 [0.552943] 10. 006671 | 10. 759014 
9.241101 [9.993307 [9.247794 16.5 7522 110. 006693 10.758899 
9.241814 $9.993284 9.248530 10.751470 10. 00671 10.758782 
9.242526} 9.993262 [9.249264 | 10. 10.750736 10. co6738 l 10.757474 
9-243237 | 9.993240 [9.249998 10 750002 J 10.006760 10 756763 
9.243272 9.993217 9.250730 10.749270 10.006783 | 10.756053 
9.244685 9.993295 9.257457 70.748539 10 0680510 755344 ; 
9.24 5303] 9-993172 9.252191 10.747809 | 10.co6828 | 10 754637 
9.246069] 9.993149 9. 252920 f 10.747c80 io. oc 851 10. 75 3930 
10 924773 9.993127 9, 253648 10.746352 e 10.75 322 5 
11 924747 9.993104 | 9.254374 | 10.74 5626 :0.cob$89 
12} 9.2431 — 9.993081 9. 5510 10.744g0c 10.0069 19 10.751819 
1319.248883 9.993059 9.255824 1c. 744776 10 694110 751117 
1419.249583 9 993036 [ 9-250547 1.243453 [1.6954 | 10.750417 
15 . 9.993013 [9.257269 | 16.742731 | 10,006987 [10:749718 
161942 o [9 992990 9.257990 10. 74200 f 10 co7010 | 10,749020 
17] 94251 7 9.992967 9.258710 10.241290 | 10.c0703J} 10. 748323 
1815.252373 9992944 9.259428 10.740571 10, e | 10 747627 | 
19] 9233067 [9-y92921 | 9:260146F 1.73254 16007079 þ 1p 246932 |; 
2019,25376119-992898 9 250862 10.739137 137 18607702 10 74623940 
2119254453 [9-992875 [9-261 578} 10.738422 10,0712 [10.745547 | 39. 
2219.235144 9.9928 52 9.2622 9210.737708 10.007514 10, 7448 56 
23 225853 9.992829 9.263005 J 10. 335285 10.007711 10.744166 
249256523 [9-9928c6} 9263717 | 8238283 4 10.007194 | 10.743477 
25 9.257211 9.992783 9.264428 10. 735872 10.0072 1710 742789 
269257898 9.992752 [9.265138] 10.734862 | 10.007246 10. 742 102 
2 9.258502 9.992736 9.265843 10.734153 70.007264 10.241417 
26 9 266555 1.33445 | 10007237} 10.5407 32 
267261 10.732739 ro. 073 10 10.740049 
1 9:260633 | 9-992666 9.267967 | 10.732033 10:007334} 10:739367 
$9.267314 19-992643 1 9-268671 | 10.737329 gh nd EF 10.738686 
15.261994 9.992619 9.269375 Þ 10. 730625 [10007381 10.738c06 
3 9.262673 9-992 596 1 9+270077 10.229923 [10.007404 10.737327 
$9-263551 [9-992572 [229779 | 10.729221 10,007423 10.736649 
75 9.264027 9.992549 9.271479 [10.728521 [10.007451 10.735973 
7288875 9.992525 9.272178 10.727822 10. 07475 
2653779992501 9272876 10.222124 36:007499] 1 
228 5119 .9924/819.273573 10. 7264 27 [10 007522 8 
9.266723] 9-992454 9: 4269 10.72 5731 $10,007 546] 
219.2623939 99243019 274964 | 1<-725036 $ 10,00757 
9.268065 9.992406] 9.275058] 10.724342 10. 00759 
21 92687341 9-992 382 35110. 723649 | 10.007618} 1 
9.268453 9.992358 19-277043Þ 10.7229 57 9 
9. a7oc69 19-9923 94277734 10.722266 — 
9.27073819.9923 71 9.277424 10.72 7576 10,007689 
9-271400 19 99238 27911310. 720887 10007713 


9.288652 15.711305 o. co8 953 10.719441 60 
9.239336] 10 710074. 0.008078 10.778752 
9.289999 «© 7.10001 * 0.08 103 10.71810 
9.290571 xr! t0.008127] 10.71745 
10.708658 J10.co8152Þ 10. 7 16809 
9.292013 | 10. 707987 10.008177] 10.716164. 
9.292682 | 10.707318 J10.0082o0rf 10,715 | 


| 9-293350 1 19.706650 $10.008226[,10.714876 
294017 10.705983 10.008251Þ120.714234 


lo ow ou |» we - o ui 


q 
9.294684. 1.25310 10.008275 10. 713502 
4295349 | 19-70465r i. 00839 70.712952 50 
9 
g 
9 


.296917 | 19-703987 19.028326 10.712312 
9.295577 1.703323 10. 008351 Ni 
19.297339 10 70266 io. co8376 20717940 
9.29801 [10.70 701999 10.008491 10. 710400 
2908662 15.757335 10. 008426 10. 70 
33 10. 700578 to. 008451 187 155 
9299980 19.700020 io. oo8476 10.7 
9.300638 [19- 699362 J10.008502Þ 10 70789 
9-301295 10.598705 l 008727 e 
9381957 10. 98049 flo. oo8 55a 10 705601 
g. 302607 10.697493 r0.co8577] 10.705971 
9.30326 1885 636098 $10.008603} 10. 705342 
9.303924] 6 $10.008628þ 10. 7047 14 
9.304.567 12. 22433 0.08654 10. 20487 
9.305218 f, 694782 flo. oo 8679 10.703461 
9.305869 10.6941 2 10.008705þ 10. 708 36 | 
9.306519 10.693 1 Jr0.0c87 30 19 · 7022 
9.307167 10 692 2 fees li 10. 3 
9. 307815 1.59184 [l. 08782 2| 10.700966 
— — — 1 — 
9. 308463 10.691 37 lio. 8 10. 200345 
9.309109 0.59089 1 fo. 008833 10. 699724 
9 3097 54 [9-690246 10. 888 1 699105 
9310398 10.689601 10. oo888 5 10.698485 
9.311042 1% 688958 10, 10.697868 


9311685 1 1755 10. 008936 | 10. 697251 


19•991574 
9.991549 
9.99152 
9.991498 
8812.221423 
5 99974489 
9.991422 
9.997397 
9.991372 
9.591346 


687673 $10.c08962F4 10.6965 36 
10.687032 fo. oo8g88 10,69602r 
471850 10.686392 [10.009014f 10.695407 
9-314247 $19-585753 [. 2041 10.694793Þ21 
9.314885 685115 10.009065 70.6 694181] 20 
9.315323 1,8447 719. 992 15 55357019 
1] 9.316159 J. 683841 0. ch. 8 10.6929 5918 
12315795 10.68 32050. 009145 10.692350 17 
2317439 2887536 10.009171 | 10.691741Þ 16 
9 68793610 009197 10.6921, 

9.313697 10.68 1303 10. 00922 ;þ 10.690.526 - 


o 
Ga 
— 
ad 
2 
» 
JI 
— 


19.590777 


6 9 
© | 9.2720 $9-99226 9.279801 70.720159 10.007370. 727936 9.990750 9.319329 10.8050 f 10. oog 50 10.685920 13 
9.272726 9 992238 9.280488 0. 71951210007 6110.727274 e 9.319961 ee 10. 09276 10.689315 12 
9273288 92292214 9 2381174 | 10.718826 10-007786, %O 7: 726612 90997 $329592 19.6 79408 10.0930 10.688717 11 
2 9:274049 5 992190 9.287858 10.718141 f 10 007816] 1.725351 9319.990671 9.321222 þ 10. 678778 10.609 429 10.688107 10 
el 9.321851 165585 10.0 9355] 10.687 503 


9.274708 [9.992166 [9.22542 [10.7174 58 vine” 4. 0.725292] 9 


825 9.992142 9.283225 10.716775 en ee N 10.724633 9.322479 119 3 10. 009382 10.586903 
2 


9 

8 

9.276024 9.992117 9.283907 10 71609310. 0008 10.223975 19.323106 10.676 ro. oog 409 10.686302 7 
9.276681 [9.992093 9.28. 889 19.215412 19.007gc7 | r1e.723319] 6 I <4 51 9:323733 28.676285 10. 009435 10.685702] 6 
22 9.992009 9 28 268 l0. 214732[ 87931 15.722663 5 . 4 324358 | 10.675642 0.00462 10,685104| _5 
. 9.992044 9287947 10.714053 10.557286 Ic.722cc9 | 4 . 1 9.324983 10. 675017 $10 009488] 10.684501 4 
2786445. 992020 [9 250662470 9133751 0.07980 0.721355] 3 f 9219. 9- 325607 10.674393 10. 009515 10.683908 3 
$: - 9297 9:991996- 9-287301 10.712699 10.008004 10.720703 2 | 819. ©, 3262 30 «2 673769 [10.009542 10.683311 2 
948 9 991971 (9-2 7977 | 10.712023 | 1080296. 7200524 . 326353 | 10 673147 [0.009569] 10.682716 1 

| 2355 $0599 9.991947 9.288652 10.7113 10. — 10.219401 c 472 — 78.88 10.682121 0 
D L Sscan. 1 [- Seeant- - 


79 Degrees. 


TE TT 


— 


A Table of Artificial Sines, Tangents, and Secants. 


1 8 


wy 12 Degrees. = | 13 Degrees. 

- | Sine. | ; 2 | Tang, | . Secant, | | 5 Sine | Tang. | Secant f 

off SHED 3 . [:P 7——— £3 [conn 292 _ . 5 

= [94317379] 9.59464 9.322474 10. 7252510. 009596 | 10.821216 09.352088 9.988724 9.363364 | 10.636636 10.011276 10.647912 [60 | — *© 

1 9373433 9.990377 | 9.328095 10.671905 10. 00 10. 68 1527 59] 19.352635 9.988695 9.363940 10. 636060 | 10,071 305 | 20.647 65159 L 
1219.319066 9.990351 9.328715 | 10'671285 | 10. 009649 10. 680934 58 29.353181 9.988665 9.364515 | 10.635484 10.011324 10.640875 58 — 

39.319658 9.99324 | 9.329334 | 10.670665 | 10,009676 10.680342 | 574 3 | 9+353726 9.988636 9.365090 | 10.634910 10.011364 10.646274 57 

4 |9-320249 | 9:999997 | 9-329953 10. 6747 | 19.009703 | 10.679750 56 -41 9:354271 9-983607 9-36 5664 19.634335 10.011393 [10.645729 56 
2 9.320840 9.990270 9. 3305½0 10.699430. oog) 30 10.679 16055 59.354815 [9.988 578] 9.366237 10.633703 10.071422 | 10:645185 55 

2 9.321430 9.990243 [9.331187 10.668813 pa hd 10. 678 570 54 69.355358 9.988 548 9.3668 10 10.633 190 r 10.644642 54 

| 7 [9.322019 9-99021 5 9.33180 * e 10,004784 | 10.677981 f 53] 7[9-355901 9.988 5199.367382 10.6 32678 10.011481 | 10-644009 | 53 

$ [9.322607 | 9.990188 | 9.332418 | 10.6758 | 10,0098 12 10.677393 | 520. 2.285447 9-938489| 9.367953 | 10.632047[10.0rr511 f10.643557 | 52 

99.323194 9.999161 9.333933 | 10.666967 | 10,009339 | 10. 676 80 21.2 9-356984 9.988460 9.358 52410. 63 1476 20.01 1540 | 10.643016 517 


9.357524 9.988430 9.329094 | 10.6309c6 | 10.011570 10.642476 5 
9.358064 | 9.988401 | 9. 36966310. 6 30337 0.011599 10.641936 45 
9.358603 f 9.938371 | 9.370231 10.629768 10.077629 10.641397 48 
9.359141 | 9.933341 | 9.370799 10. 629201 0. 01 16 58 10.6405 59 47 
9.359678 [9.988312 | 9.371367 | 10.628633 | 10 011688 10.645321 46 
9-360215 f9-988282[ 9.371933 | 10.628067 10.011718 | 10.639785| 45 
9.3607 519.9882 52 9.372499 | 10.627 501 10.017748 10.639245 44 
5.361257 9.988222 9.373064 | 70.626935 10.017777 10.638713 43 
9.361822 | 9.938193 | 9.373629 | 10.626371 10. 01780% 10.638778 42 
9.362356 9-988163 | 9374193 10.625800. 011837 | 10.677644]4r i 7 
9.362889 [ 9.933133| 9.374756 10. 62 5244 70.011867 [10.637111 
9.363422 | 9.938103 | 9.37519 10. 62408 1 10.011897 10.636578 39 
2.264275 9.988073 9.375881 — 2 10.011927 10.5360 38 
$ 9.988043 9-376442 0.623558 10.011957 | 10.635515 37 
9.988013 | 9.377003 | 10.622947 þ10.011987 10.634984 36 


9.355546 | 9.937983 | 9-377563 | 10.622437 | 10,012017} 10.5344 54 35 
9.366075 9.987952 9.378122 10.621877 10.0 12047 10.633925 . 
9. 366604 | 9.987922 | 9.378681 10.62 1319 10.012078 10.633396 2 
9.367131 | 9.987892 | 9.379239 10.620761 10.012108 | 10 632868 32 
9.367659 | 9.987862] 9-379797 | 20.620203 | 19.012138 | 20.63234rf 2g 
9.3 1859.987831 9.380354 10.679046 10.012168 10. 631875 

bring: 9.987801 9. 380910 | 20.616090 | 10.012 199 16631285 2 
9.369236 | 9.987771] 9.381465 10.678534 10.012229 10.630764 2 
9.36976 19.987740 9.382020 | 10.617979 l 10.012260 10. 6 30239 27 
9.37028 59.9877 10 9-382575 [10.617425 10. 012390 10.6 32715 26 
9.370808 | 9.987679] 9.383128 10.6 76871072327 26.629792 25 
9.371330 9.987649 9.383682 10.616318 10.012351 10.628090 24 
9.37185 9.937613] 9.384234 10.615766 N 10.628148 23 
9.372323 | 9-937 588] 9.384786 10.615214 10.012412 10. 627626 23 
9.372894 9.987557 9.385337 [10.6 14663 10.072443 10.622706 21 
9.373414 | 9.987526 9.385888 10.0 14112 10.012474 10,626 586 20 
9.373933 9.987495 380438 10.613 562 10. 012 504 | 10.626057} 1 
9.374452 9.987465 9336987 | 10.613013 8858 10. 62 55481 
9.374970 | 9.987434 9387536 10.612464 | 10.012558 10.62 5030 15 
9.375437 | 9.987403 | 9:338084 | 10.611916 | 10.012597 J 10.624573 x6 


9.376003 | 9+987372 | 9+338631 | 10.5 11369 | 10.012628 | 10.623997 15 


10 (9.323780 | 9.990134 9. 33366 10. 666354 10.009866 | 10.676220 | 5of 10 
11 [9.324366] 9.990 10% [9.334259 10.665741 þ 10,009393 | 10.675634 [ 49} 12 
12 9.324950 9.990079 | 9.334871 | r0.665129 fe 029928 0.275008 43] 32 
9.325534 9+999952 9.335482 10. 664518 20.009948 10.6744 
9.326117 9 950025 [ 9.336-93 | 10.663907 | 10.00997'5 | 19.673383 [4614 
15 [9:326700 9.989997 9.335702 10.663297 10.0 10003 10. 67 3300 451 
189. 3272810998997 f 9.337311 10.662689 10. 010030 10.672719 44 x 
17 9.327862 9.989942 | 9.337919 | 20.662081 10.010058 10.672138 | 43] x7 
| r8 19-323442| 9-93,91579.338527 10.661473 10.01co85 10.671558 4218 
9.329021| 9-989887 | 9.339133 | 0.660867} 10.010113 | 2.70979 41} 19 
20 [9.329599 | 9-989860 | 9.339739 | 20.660261 10. 010140 10.670401| 4of 20 
21 ene 9.9898 32 | 9.340344 10.6596 56. 10.0 10169 10.669824 3921 
22 575 9.989804 9. 34094810. 6500 fa 10.010195 10.669247 38 22 
23 [9 337328 9.989777 [9.341552 10.658448 10, 10223 10. 66867 37 a3 
24 9.337903 9.989749 9.3421 55 [10.657845 . 10251 19.558996 36 24 
25 3 9.989721 [9.342757 | 0.657243 | 19.0 1c279 | 10.667522| 35} 2 
26 9.313051 9-989693 | 9.443353 | 10.656642 0.010307 | 10. 666949 34Þ 2 
27 9.333624 9 939665 [9.343953 | 10.656042 | 10.010335 0.666376 33] 27 
28 {9-334195| 9-939637 [9.344558 | 0.655442 | 10,010363 | 10.665804 | 32] 28 
29 9.334 9.939609 9.345157 | r0.654843 | 10010390 | 0. 665233 3•429 
709.3335337 9.959582 [9.345755 10.654241, 018 10.5646 30 30 
15 9.315986 9.989 5539.345353 | 10 653647 10.010446 | 10,664094 209.3! 
329.3364750 9.989525 [9-346949 10. 65 3051 1.01047; 10.663552 
3119.337043 9.989497 934) 545 10.652455 10.010503 10.662957 2233 
| 9.337610 9.939409 9-348141 10 651859 10. 010531 | 10.662390 26 34 
3c 19.333276| 9-939441 o 348735 | 10.65 1265 | 10,010559 | 10.661827 | 25} 25 
9 7 9.989413 9.349329 10.6 50671 2 10.66 125824 36 
9.339306 9.989384 | 9.349922 | 10.650078] 10. 0106 1510.660693 23137 
1 9.339871 9.989356 9- 350514 | 10.649480 10.010644 10. 660129 | 22} 38 
39 9.34434 9289328 9.3110 10.648894 10.010622 10.659566 [21 39 
40 | 9-340996 9.989299 | 9.351697 | 10.648 303 10.010700] 10. 65900420 40 
41 9.341558 9.989271 352287 | 10.647713 10 010729 | 10.658442] 19Þ 41 
42 [94342719 9 939243 [9-352376| 10.647124 | 10.010757 | 104657381] 18] gu 
43 | 9-342679 | 9:98921449-353465 | 10.646535 10.010786 10.657321 | 178 43 
44 9.343239 9-989186 [9.354053 | 10.645947 þ 10-210814 | 10.656761 | 16] 44 
450 343797 9.989157 9.354640 10. 045300 10.010843 10.656203} 15h 4 | 
$4: 17 v. 989128 [9.355227 | 0.644773 [10.010872 | 10.655645 1444 9:376519 | 9 987341 9.389178 10.610822 10.012659 10.623481 14 
47 9.344912 9 989700 [9.355313 10.644187 | 10.610900 | 10*655089 | 1347 9.377035 | 9.987310] 9.389824 10.6 10276 10 02690 10. 62ã96 131 
48 9.345469 9.989071 9.356398 10. 643602 | 10.010929 10.654531 f 12] 48 | 9.377549 9.987279 9.390270 10. 609 30 10.012721 [10.622457 [12 
— 9.989042 9.355982 10.643018 10. 210958 | 10.653975 | 11} 49 [9.373063 [9.987248] 9-39081 5 10.6% 185 10.012762 [r. 621932 x7 


4212.4 a 2 — =* 
50 [9.346579 | 9.989014 9.357566 20.6424 34 | 10.010986 | 10.653421 | 10 509.378 577 | 9.987227 | 9-391359 | 10. 508640 10.012283 0.62423 10 
$1 9-3471261 9-95 985 9 TLC 9 10.011015 10.652866 2519.379589 9.987186 9-391 90; | 10. 508097 10.012814 10.620911} 9 
52 9.347687 9.988956 9.358731 10. 61269 10.01 1044 10.652313 Bf 52| 9.379601 9.987155 9.392447 10. 60553 10.012845 0.620398 8 
33 9.34240 9 988927 | 9.359313 10.640687 | 10.01 1073 1.657760 2535.381713 9.987 44 9-392989 | 10.607011 1. 128785 [1,9887 7 
$4 9.348792 9.988898 9.352893 10.640105 | 10.011102 | 10.681208 6} 54 | 9.330624 9.987092] 9-393531 | 10.606449 | 10.012508 | 10.619376} 6 
55 194349343] 9988869 | 9. 360474 | 10.6395x6 | 10.011131| r0,650656| 5} 55 [9.331134 | 9.937061] 9394073 | 10.605927 | 10.012939 $10.618866} 5 
$6 9.349893 9.988840 9.36 1053 10.638947 | 10,0111 10.650107 4569.381643 9.987030 9.394614 10. 6053 10.012970 a ae 2 by 
1 57 [9:35<443] 9:9838114 9.391632 | 10,638368 wt en 10.649557] 3 57 9.382152 9.986998 9-3951 54 | 10. 60486 | 10.013002 10.617848 3 0 
58 9.350992 9.988782 9.36220 70.637790 | 10.011218 10.649821 3589.382660 | 9.986967] 9,3958693 10.604306 10.013033 10.617339 2 | 
; 8 9.351540 9.988553 9.362787 104637217 [10.011247 10.648459 1 59 | 9.333168 | 9.9869367 9.396233 20.603767 10.0 3040.676832 r 
bo | 94332088 9.983724 9.363364 10.63663 —.— 2284292238325 9.986 904 9.326721 10.603229 10. oi 306 228585 . 
| n Tang. Secant. I M Sine | 28 Tang. __* — + $ocent... M 
EL 77 Degrees. | | 1 2 3 
ee | 
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A Table of Artificial Sines, Tangents, and. Secants. 


Ww | 
do + 
8 


W N 


Degrees. 


14 Degrees. 3 15 Degrees. — 
5 Sine | Tang. N Secant. | - | Sine, Tang. ; Secant, . | 
<< ; .. ᷣ — i 2 1—.— Ul—⁴ü”GX  — { coca — 
6 G 9282587 9.986904 = 10.t03229 10. c 13096 10. 616325 [60 © 9.412996 9.984944 9.428052 10. 571947 10. 01 5056 10. 587004 [60 
1384181 [9.986873 $9.397 30g f 1. 602691 10.013127 10.618818 59 19.413467 9.98490 [9 428557 10. 57 44a [10.015090 | 10. 586533 
2 19.384687 9.986841 9.39784 10.602154 10.013159 10.617353 58 219.4 3938 9.984876 9.429062 10. 570938 [10.015124 10. 58602 
39.385192 [9.986809 [9.398383 10.601617 10.013191 f 10. 61480857 3Þ 9.414408 9.984842 9.429566 10. 570434 10.015158 10. 585 592 
4 9.35 5697 9.982.778 9.398919 10.601081 10.803222 10. 61 430 56 4 9.414878 [9.984808 9. 4300% 0 10. 56930 10.015192 ic. 585122 
8 9.386201 [9.986746 [9.399455 | 10.600545 10.0132 8410. 61379955 519¼475347[9˙984774 9.43573 N 10.015226 10. 584653 
9.386704 9.9867 14 [9.399990 10. ( 10.013286 10.613296 54 | 619-4758159 98470 [9.431075 10.568925 10.01 5260 10.884785 
7215.387207 [9.986683 [9.400524 | 10. 599479 10.013317 [10.612793 [53 74 9-416283 9.98476 9.431577 10. 568423 1.015294 10.583717 
85.387209 [9.986651 [9.401058 | 10.598942 10.013349 10,6 1229152 89.416751 9.984672 9.432079 10. 567921 10.015328 10.583249 |; 
24238819 986619 | 9.40159: | 10598409 | 10.013381 1.511721 919.417217 9.284637 2-48.84 10:015362 | r0.532753 
[9.388711 [9.986587 [9.402124 | 10.597876 | 10.013413 | 10.611289 | 56 9.417684 9-984603 9.433080 10.565920 | 10.015397 10 582316 
$9-3%9221 [9.996555 [9.402656] 10. 597344 | 10.013445 [10.616789 4 9.418 149 þ9 984509 9.433580 1.56419 þ 10.015431 10. 58 11 50 
9.389719 986523 [9.403187 10. 596813] 10. 013477 10. 6 102894 19.418615 9.984535 9.434080 10. 565920 | 10.015465 10. 58 t38 5 
9.3962 10 9.986491 9.403718 10. 596282 f 10· 013 509 f 10. 509790 | 47 | 13 $9-419079 9,845 0434572 10: 56542 110.015 500 10. 580920 
14 9+ 390708 9-956459 9-404249 10. 5957511 10.013541 10. 609292 46 9.419544 9.984466 9.43578 10.564922 10.015534 10. 580456 
9.391206 9.986427 9.404778 [0 595222110. 013573 10.008794 45 9.420 9.984432 9.435576 10. 564424 10.015368 10. 579993 
55.397703 [9.986395 9.405 108 10. 594692 10.0 3605 10 60829744 9.420470 9.984397 9.436073 10. 563927 10.015003 10.579530 
9.392199 9.986363 | 9.405836 10.594164 10.013637 10.607801 [43 9.420933 9 984363 9.436570 10. 5634 30 10.02 56 10. 57900 
8] 9.392695 [9.986331 9.405 36 [10 593636 10.013669 10. 60% 05 [42 9.421395 9.984328 9.437067 10. 562933 10.0150% f 10.57 8605 
19] 9-393190 9.986299 9.406592 10. 39118 | 10,013701 10.606809 41 9.421857 [9.984293 9.437563 10. 56243710 015706] 10 58143 
9.39368 5 9.97 6266 ] 9.4074 910. 392581 10.013734 0. 06315 40 9.422318 9.984259 9.438059 10. 56 1941 10.015741 10.577082 
9.394179 9 986234 9.407945 10. 592055 10.013766 10. 60582 1 5 9.422778 [,9842249.438 554 10. 561446 1088 10.577222 
9.394673 9.986202 | 9.408471 10. 59 1529 f 10. 013290 10. 6053273 9 423238 9.984189 9.439048 | 10. 5609 51 10.0158 10 10. 576762 
9.395165 9.986 16 ff 9.408996 | 10. 591003 10.013831 f 10. 604834 | 37 9.423697 9 984155 9.439543 10.5604 5710.915845 10.576303 
2419 395558 2.286137 [9.409521 [-598479 10 013863 10 604442 | 36 $24 | 9.424156 [9.9%4120[9 44003: | 10.559964 | 10.015880] 10 575844 |; 
51 9.396150 9.986104 9 410045 10. 589955 10.013895 10.603850 35 9.424615 9.98408 5 9.440529 10. 5 50470 10.015915 10.575385 
9.396641 {9 986072 [9.410569 | 10. 539431] 10.013928 10.8 789 34 9.425073 J 84050 9.441] 10. 558978 110.0159 50 10 574927 
9.397731 {9 986039 | 9.411092 10.588958 f 10.013961 10.6868 33427 | 9425530 [9.98401 51 9.441514] 10.558485 1,0189851 1.87447 
13.392627 9 886000 9.471615 10, 58838 5 10.013993 10.602378 3289.425987 839809 44200 10 557994 101019 10,5940t3 
29 $9-398112 9.985974 [9.412137 10. 587863 | 10.014062 10. C0188. 3142949 420443 9.983945 (9 442497] 1. 55882 4 10.573557 
152588885 9.985942 9.412658 10. 58722 f 10.014058 10. 60.4 } 50 9.426899 | 9 98390 9,442988 10. 5 52012 $10.01: 089] 104573101 
9.399088 985909 [9.413179 [10.586682 1 10.140 1.60912 29 9.429354 9.9878759.443479 10.5 56521 [0.07624 10.572646 
9.309575 9.985876 9.43659 10. 58630 10 014124 10 632 9.423809 [9.983 79,443968 10. 55603 1 [10.0:6160} 10.572191 
19.400062 9.985833 [. 4142 10 585781 10.014187 0.569937 27 9.428263 9 883805 9.44445 | 10. 555-42 0.016195 70.571737 
3. 8498.285811 9.414738 [10. 535262] 10.014189 19.5094 [26] 34 $9-428717 9.983770 424753 [239 9. 
9.401035 [9.985778 [9.415257 10.584743 0.014222 [10.598965 25 9.429170 9 983735445435 10. 554565 [o. 0s 10.5708 30 
9.401520 [9.985745 $9+415775 19.534225] 10.0142 65 $10.598480 | 24 9:429623 5.8 37 19-445923} 10.5 40% 10.016500 10,570377 
9.402 05.985712 9.416293 10 583707 10014288 10,9799 [23437 49-43%<75 | 9.983664 [9.44040 $10 553585 10. 016336 10.569925 
9.402439 9.985670 9.416810 10.583190 0.014321 c. 37511422 9.430527 083629 9.446898 10 553102 [104016371] 10569473 
391 9:402973 9.985646 9.417326 10. 582673 10.014354 [., ca 9.430978 9 683594 [9-4473%4 10.882519 10. 6400 19.569022 
9.403455 9.985613 9.47842 [10.582157 10.014387 10.596545 0 9.431429 9.983558 9.44870 10. 552130 10,0 16442 10 568571 
9.493538 $9.935580{9.418358. 10. 58 1642 f fc. 014410. 596062 | 19 9.431879 [9.983523 9 448356 10.551644 [10.016477 10 568121 
15.404320 9.985547 [9.418872 [10.581127 10 012483 10.395580 [18 9.432328 [0 9834.448847 10. 55189 [0.018513 10. 867621 
3.404901 bg 985513 9.419387 J 0.58061 rc. 14486 f 10. 59 5099 f 17 9.432778 9.983452 3.449 26 10. 5 50674 . 016548 10. 567222 
4412.405382 9.985480 [9.41901 10. 5 Soo 10.014520 0. 504018 | 16 9 4332269 83410 9.4498 10 10. 500 [d 16584 10. 566774 
9.305862 [9.935447 [9.420415 10.579585 10.014553 10.594138 Fig 9.433675 [9.583380 9.450294] ·5497% ro 010619 10. 566325 
9.406341 9.585414 9.420927 10. 57972 10 01458610. 593679 } 14 94341229 9832459 45077710. 542223 [10.016655 10. 565878 
9.406820 9.98 5380 9.421440 10. 578 56% 10.014619 10.593180 13 9.434 569 9.983309 9. 451260 10. 543740 10.016691 0. 56 5431 
89.407299 9.98 5347 9.421951 10.578048 10.014653 10. 50 2 9.43516 9.983273 9.451743 10 543257 ro. 0676 10. 564984 
49 þ 9-407707 9-985314 | 9.422403 . 577537 012636 10.502223 [11 9.435462 | 9 933238948222 10 547775410.016762} 19.554538 
9.408254 9.985280 9.422973 | 10.57 70265 10. 01472010. 59 746 [0 9 435% 0 98320 [9.452706 10.5 7294 10.010798 f 10. 504092 10 
{9.403731 [9.985247 9.423484 . 5755160 17753 10-591269] 9 9.456353 9.983766 9.453187 10.5468 3110.016832 10.545647 9g 
9.409207 9.98 52139 423943 10. 576.0 10.0147 7 10. 59079 8 9.436798 Jͤ 983730 9.45306 [10.546332 [10.016870 10. 563202 8 
9.409 829.98 518 9.424 503 10.573497 10014820 10. 59187 9.437242 [9,9830949 454148 10. 54 58 52 10.016906 10. 5627587 
54] 9.410157 9.985146 9425011 12.574989 10.014854 10. 589842 6 54 9.437685 ] 9.93:058]9 454628] 10.545372 0. 16942 10.362314] 6 
9.410032 9.585112 9.428519 10. 574481 f 10.014887 10.589308 5 9.438 129 9.983022 9.455107 10. 544893 10.016978 10.56.8714 
9.441106 J 98 5079 9.426027 10.573973 10.014121 10.588894 4 9.438 57 9.982986 9.455580] 19.544474 [10 017014] 10,56 1428 4 
5.47579 9.555045 9.426834 10.573468 10. 1495510. 588421 372.429 | 9.982950 [9:4 5664 | 10.543936 ro. or oe 10,560986 | 3 
8319412052 9935082 9.427041 10.572959] 10.014989 10 587948 f 2 9.4394 509.9829 449-4 56542 | 10. 5434534 10.0786 10. 560544 | 2 
[9.412524 9.84978 9.427 5410 572453 [10015022 10.587475 | 11599-43997 [9.982878 89.457019 10.542981 10. 017122 10.560104 | 1 
9.442996 9.994944 | 9.428052 punt hn 10. 01 5056 10.587004 0 60 9.430338 [9 982842 9.457496 10 542504 | 10017159 10. 669662 E 
7 * Sine. : Tang. Secant. M RE Sine I. Tanp. ; -—} Secant. } 
75 4 Degrees. 
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| A Table of Artificial Sines, Tangents, and Secconts. 


16 Degrees. 


5 


1 


— 


em 1 


© lo ww 1 


Sine 


9 44033 
9.440778 
9.441218 
9.471658. 
— 42025 
9442535 
9.442973 
9.443410 
9.44 3347 
9.444234 
9.444720 
9.445155 
9 445599 
9:440025 
9 440459 
9.446893 
9.447326 
9443753 
9.448191 
9 28623 
9.449054 
9-449485 
9.449915 
9.450345 


242.4828 


9.451 204 


9.452458 


29] 9-452915 


9:4 53342 


9.454194 
q 454619 
9:455944 


9-45 +032. 
[9.452060 


9.453768 


9.982842 
9 982805 
9: 992769 
9.982733 
9.982696 
9 982660 
9 9*2623 
9.982587 
9.982551 
9.982514 


| Tang, 


| Secant. 


9.457496 
9.457973 
9.458449 
9458925 
9.459400 
9.469875 
9-460349 
9.460823 
9-461297 
9.461770 


10. 542 504 
10. 542029 
10. 5841551 
0.541075 
10. 540600 
10. 54012 5 
10.539651 
10.539177 
10. 5 38703 
10 538230 


9.982477 
9.982441 
9. 982404 
9.981367 
9.2813 31 
9.982294 
9.982257 
9.982220 
9982183 
9.982140 
9.982 109 
9.982072 
9.982035 
9.98 1998 
9981951 
9.981924 
2 
9981849 
9.981812 
9.981774 


9 re 
940271 

9.463480 
9.463658 
9.464128 
9-404 599 
9-455069 
9-465539 
9.466008 
9.466476 
9.466945 
9.467413 
9.467880 
9-498 347 
9.468814 
9.459230 10. 330020 
9469746 10. 5 302 54 
9. 470 10. 529789 
9.470676 Jr, $29324 
9.471141 10. 523359 


10.537758 
10.537285 
10. 536814 
10, 5 36342 
10.535871 


10. 535401 
10,4337 
10. 534461 
10 533992 
Ae 
10. 533055 
10. 532587 
to. 532 120 


10. 53165 
10 e 


9981737 
9.981639 
9.98 1662 
9.981624 
9.931587 


94716050. 528395 
9 47206 10.877275 
9-472532 [10.527468 
9.472995 | 19-527005 
9 473457 [19 526543 


19.455469 


9 458893 
9.456315 
9.456739 


3949 457102 


9.457584 


14458006 


9458427 
9.458835 
9-459208 


9 981549 
9.981512 


9.981430 
9-931 399 
9.981361 
9931323 
9.981285 
9.981247 
9981209 


9.931474 | 474842 


9.473919 f10.52638 1 
9.474281 ez 

10. 52515 
10.524697 
10. 524237 
10.523777 
10.523317 
10. 5228 58 
10. 522399 
10.521941 


9.475303 
9.475753 
9.476223 
9425683 
9.477142 
9. 47 7601 
9473959 


0108 
9.460527 
9.4009 

9 


0.459688 
If 88. 


6094 
49] 461304 


9.461782 
9.462199 
9.462616 
9˙463032 
9.463443 
9483869 
9464279 
9.464694 
9.465108 
9-465552 


60 9465935 


2 - 
2 Sine 


9.991171 
9-981133 
9 981093 
9-931057 
2381019 
9.980980 
9.980942 
. 930904 
.980856 
9.930327 
9.980789 
9-990750 
9.980712 
9980673 
9.93063. 
9 980596] 


9.488339 


9.478517 0.521483 
9.478975 wy + 
9.479432 10. 52056 
„472889 79.520111 
9480345 10. 819655 
9.480801 10.519199 
9481257 $10.518743 
9.481712 10. 518288 
9.482167 10.517833 
9482621 [10.517479, 
9.483075 lo. 516925 
9.433529 19,8516471 
9.483982 10. 516018 
9.484435 10.515565 
9.484887 10.5113 
10.5 14651 


10.017158 
10.017155 
10.017231 
10.017267 
10.017304 


ro. 559652 
0.5 59222 
10.558782 
10 558342 
19.577203 


10.017349 
10.01737 

10.017413 
10.017449 
10,0 17486 


10.557405 
10. 5 57027 
10. 556590 
10. 5 56153 
10.555716 


19.017 523 
10 017559 
186177 
10.017633 
10.017659 


10.55 5280 
10. 554845 
10. 5544 10 
19.553975 
10.883541 


10 017705 
10.017743 
10.017780 
10.0173 ˖7 
10017854 
10.017891 
10.017928 
10.017965 
19.018002 
12.0 18039 
10.018970 


10 018151 
10.018188 


| 


10.018114 


10.018226 


10. 5 53107 
10. 552674 
10.55224 

10.551809 
10 551377 


10.550940 
10.550515 
10. 550085 
10.549655 
10.549225 
10. 548790 
10.548368 


10. 547512 
10. 54708 8 


10.018413 
10 018451 
10.018488 
10.018 526 
i 
10.018501 


10.018203 
10.0 18 300 
ro 018338 
10 018375 


10. 5400 58 
18.546233 
10. 545800 
10. 545381 


19.544531 
10.544107 
10. 543684 
10. 543261 
10.542838 


19.0 18639 
10.018577 
to.o18715 
10.018763 
10.018791 
10.018829 
10.018567 
10. 018905 
10.018943 
10 018981 
10.019010 
10.013053 


19.0191 34. 


10.019211 
10.019249 
10.019288 
10.019326 
10.019365 


9 


| Tang. 


10.0 19 404 


10.019173 


10. 019096 


| 


| 


10. 542416 
19.54 1994 
10.541573 
10. 541152 
10. 540732 
10. 540312 
10, 539892 
10. 539473 
10.5394 
10. 538636 
10. 538213 
10. 537801 
10.537384 
10. 6365 52 
10. 536136 
10. 535721 
to 535306 
10; 534892 
10. 531478 
10. 34065 


10.547940 


10.544956 | 20 


*Secant 


bo 
59 
58 
57 
56 
55 
54 
33 
52 
2 
50 
49 
48 
47 
46 
45 


43 
42 
* 
40 
39 
38 
37 
36 


35 


4442 


Ia Solos % 82 8442 


% 85 8 0 L 


10 


— 4321281731 


14 9.471678 


2019.477741 


49.479741 


69.480538 


49 9.485682 


282642 


9.489593 


Sine 


9.465935 
9.466348 
9 466761 
9 467373 
9.4675 5 


9.930 596 
9.980558 
9.980519 
9.930480 
9 980441 


| Tang, 


Degrees. 


Secant, 


9.485339 
9.485791 


9.436693 
9-487143 


9.485242 


10.514667 
10 514209 
10.5 3758 
10.513337 
10.512857 


10.0 19404 
10.019442 
10.019481 
19.019520 
10.019558 


10. 5340065 
10. 5335 52 
10.5332 
10. 5 32827 
10. 532415 


9.467995 
9 468407 
9.468817 
9.469227 
9.469637 
9.479040 
9.470455 
9470863 
9471271 


9.472080 
9.472492 
9.472898 
9.473304 
6.473710 
9.474115 
9.474519 
9-474923 
9.475327 
9:47573_ 
9.470133 
9-470536 
9.476938 
9.477340 


9.478142 
9.478542 
9.478942 
9.479342 


9.930403 
9 980364 
9 98032 

3.980288 
9.980247 


9.487593 
9.488043 
9.488492 
9.48894 
9.489390 


10. 5 12407 
10.511957 
10 511508 
to 511059 
10. 5 10610 


10.019597 
10.019636 
10.019675 
10.019714 


10.019753 


10.532004 
10.531593 
10.531183 
1058397723 


10. 530363 


9 980208 
9. 980 169 
9.980130 
9-93009 1 
9.980052 


9 499838 
9.490285 
9.49907 3F 
9.491180 
9 491627 


9.980012 
9 979973 
9 979934 
9 979895 
9.972855 
9.979816 
9.979776 
9 97937 
9.979697 
9227259 
9.979616 
9.979578 
9 979539 
9-979499 
9+979459 
9-979419 
9 97938 
9.979340 
9.979300 
9.979260 


9.480140 


9-480937 
9481334 


9.432128 
9-482525 
9.482921 
9.483315 
9.483272 
9-434 107 
9.48450 
9.48489 5 
9.485289 


9.485075 


9.4363 59 
9.487251 


9 488033 
9.488424 
9.4388 14 
9-439204 


q 


489982 


— 


2 


9.486467 


9 979220 
9.979180 
9.979140 
9.979100 
9 979959] 
9.979019 
9.978979 
2.973332 
9.97889 

9:978358 
9.978817 
9.978777 
9.978736 
9.978696 
9:978655 
9.973615 
9.978574 
9.978533 
9.978493 
92882 
9.978471 
9.973370 
9.973129 


9-978247 
9.978206 


Sine 


9.978288 


9.192073 
9.492519 
9 432955 
9.49340 
9 493354 
9 434299 
9-49+743 
9.495186 
9.495639 
9.496073 
9490515 
9.4969 57 
9.497399 
9.497841 
9 498282 


10. 5 10162 
10. 809714 
to. 09267 
10.50?320 
to. cod 373 
10. 507927 
10. 507481 
10 50 035 
10. 506 590 
10. 06145 
10. 505701 
10. 50 5257 
10. 5048 13 
10. 504370 
10. 803027 


10.019792 
10.019831 
10.019870 
10. 01990 

10.0994 

10.919988 
10. 20025 
10.020065 
10 020105 
10 020145 


to. 20184 
10.020224 
10.020263 
10. o20303 
10.020342 


10.539954 
10.539545 
10. 529137 
10. 528729 
10.528231 
10. 527914 
10. 527 50 
10.527101 
10. 525696 
10. 526290 


10.525885 


10. 525481 
10.52 5077 
10.524673 
10. 524270 


10. 50 3485 
10. 503043 
10. 502 601 
10. 502 1 59 
10. 501718 


9.498722 
9.499163 
9.499503 
9.509242 
9 50048 
9.500920 
9.50t359 
9.501797 
9.592235 
9.502672 


10. 50 1278 
ro. 5008 37 
10. 500397 
10. 4999 58 
122 
10 499030 
10.498641 
10.49 3203 


10.437765 
10.497128 


_— 


19.02038 2: 
19 020421 
10. 02046. 
10.020 501 
to. 20541 
10. 20580 
10.020620 
19.020560 
10.9:0700 
10.020740 
10. 20780 
10.020800 
10.020360 
o. 20900 
ro. o2094 1 


9.503109 
9.523546 
9.503982 
9. 504418 
9. 504 $54 
9.505289 
9.505724 
9.506159 
9:596593 
9.507027 


10.496891 
10. 496454 
10.496013 
10. 495 582 
10.425146 


10020981 
10.02 1021 
10.02 1061 
10 021102 
10.021 42 


10.523867 
10. 523464 
10. 52 3062 
10. 522660 
10.522259 
10,521858 
10. 521458 
10. 52 1058 
10. 520658 
10. 5 202 59 
to. 5198 60 
10. 519462 


10. 519063 
0. be 


10, 518268 
10. 57872 


10. 517079 
10. 516683 
10. 516282 


10.494711 
10.494276 
10.493841 
10: 493407 
10, 432973 


10,021223 
10.021263 


10 021182 


10. 02 1304 
10.921345 


10. 515893 


10. 515499 
10. 515 105 
10, 514711 
10.514318 


94 507460 
94 597893 
9.508326 
9 558759 
— 85 
9.50622 
9. 510054 
510485 
9.509 16 
19.511346 
9.501776 


„ 


10. 492 540 
10.492107 
10.43 674 
10.491241 
10.490809 


10 021385 


10.02 1467 
10.021 500 
10.021548 


to. oa 1425 


10. 400378 
10 439946 
10.489515 
10.489084 
10. 4886 54 
19.488224 
Tane. 


10. o2 389 
10.021630 
10.021577 
10 021712 
10.021751 


— 


10 021294 


10. 51 3925 
1.513533 
10. 53140 
10. 5 12749 
10.512357 
10. 511966 
10. 511576 


10.511176 
10.5 10796 


10.510509 
10. 510018 


10.517475 
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A Table of Artificial Sines, Tangents, and Secants. 


18 Degrees. 


19 Degrees. 


PPP A 40S ct ceteris 


1 — 


| 


Sine, 


Tang. 


9.489982 
9.49937! 
9-490759 
9.491147 
9:491534 
9.491922 
929785 
9-492 5 
493081 
9493466 
9493851 
9 494236 
9-494020 
9495005 
9.495388 


9.978206 
9.978165 
9-978124 
9.978083 
9978042 
9-978 
9.977959 
9.977918 
9.977877 
92.227838 
9.977794 
9.977752 
9.977711 
9-977069 
9.977628 


9497772 
9.496154 
9.496537 
9.496919 
9.497301 
9.497682 
9.498063 


9.501099 
9.501476 
9.5018 54 


7.977586 
9.9775⁴⁴ 
9.977503 
9.977461 
9-977419 
94977377 
9-977335 
9-977293 
9.97725 
9.977209 


9-511776 
9-512206 
9.52635 
9 513664 
9.513493 


4 


10.488224 
10.487794 
10.487365 
10.486936 
10.486507 


Secant. 


10 021794 
10.021835 
10.02 1876 
10.021917 
10.021958 


9 513921 
9.514319 
9514777 
[9.515204 
9 $1563! 


10.480079 
10.485651 
10.48522 
10.438479 
10.484369 


10.02 1999 
10.022041 
10.022082 
10.022123 
10.422165 


9.516057 
2. 816435 
9.516910 
9-21 7305 
2 
9518185 
9.548676 
9-3 19036 
9.219335 
92-2882 
9.520103 
9.520728 
9.521151 
9.521573 
9.821995 


10.483942 
10.483516 
10. 4830900 
10 482665 
10.482239 


6 


10.022206 
10.022248 
10.022289 
10.022131 
10.022372 


10. 509629 
10. 509241 
10. 508853 


10. 5050 
10. 507692 
10.5.7305 
10. 806919 


10. 506 149 
10. 50 5764 
10. 505379 
10. 504995 
19. 504612 


10. 510018 


10. 506 524 


10. 508465 


0.48 1814 
10.481390 
10. 48.966 
10.488542 
10.480118 


10.022414 
10.0224 56 
10.022497 
10.022539 
10 022581 


19.479095 
10.479272 
19.478849 
10.478427 
10.478002 


10.022623 
10 022665 
10.022707 
to. o22748 
10.022790 


Pe 
eV77125 
9.977083 
9 977041 
9-977999 
9.976957 
9-9769 14 
9.976872 
9276535 

7 


9.522417 
9. 8271 38 
9523259 
9-523679 
9-324100 


10.477 533 
10.477,62 
10.476741 
10.476320 
10. 475 


9. 524520 
9.524939 
9.525359 
9.525778 
9.520197 


10475480 
10*47 5060 
10.4 74041 
10,474222 


10.473803 


10. 022833 
10.022875 
10.022917 


10.0229 59 


10.02 3000 


10. 5042250 
10. 50 3845 
10. 503463 
10. 503081 


10.502318 
10. 50 1930 
10. 50 1550 
10. 501175 


10. 5004 16 
10. 500037 
10 499658 
10.499279 
10.498901 


þ 


10.023043 
12-023086 
10.023128 
10.023170 
10. oa 3213 


10. 500795 


10. 50 269g] 41 


10.498 524 
10. 498 340 
10.497769 
10.497392 
10.497016 


80 Pay >» yo 92 oe N 


19.9767 


9.505234 
9-505608 
2 888287 
9.509354 
9- 506727 
9-507099 
9.507471 


9.976743 


5319.976617 


9.976574 


9.5278 
9.528285 


9.326615 
19527033 
3.828836 

8 


10.473385 
10.472967 
10.472549 
10.474132 
10.471715 


10.023455 


10.023295 
10.023340 
10.023383 


10 023425 


9.976532 
9.9764 
9.976446 
9.97640. 
9.976361 
9.976318 
y 976275 
9.976232 
9.976189 
9 976145 
9 976103 
9.975060 


155578803 
6149.511772 


9.976017 


9.975887 
9.92584 


9.528702 
9579119 
9.529535 
9529950 
9.530366 


10.471 

10.470881 
15.470465 
9.470049 
10. 4696 34 


10. 023468 
10.023511 
10.013554 
10. 02 359 
10.023639 


9.530781 
9.531196 
9 531631 
9512025 
9:532439 


9.5128 
3 
9.333679 


95531092 
9: 534504 


10.4694 1 
10.468305 


10.40 561 


10. 468389 
10.467925 


10.496640 
10.4962 $ 
10.495889 
10.495515 
10.495140 
10. 494766 
10. 494392 


10.494902 
ro 492529 


1.437788 


10.4917 
10.421415 


10 467147 
10.466734 
10.466321 
| 10.46 5495 


9.534916 
9.515128 


19517739 


9.536150 
9 536561 
9: $36977 


10 464672 
10.464201 
10 463849 
10.463433 
2 3028 


—— 
Tang. 


10,465084 


10. oa 3897 
19,02 
18.033,83 
10. a 4026 
10.024070 
18,241 13 

10.024166 


No. 0242024 
0.024243 [1 


lo. oa 71 
10.024 3301 


10:49 1044 
10.4996 74 
have whey: 
10.439935 
5 41 


— — — 


N o 


Ur 


Tang. 


9.975670 
9.975626 
9.975583 
9.975539 


9-5 9.975490 


9.97852 
9.97 5408 
9.973365 


6 9.975321 


9 975277 


9.530972 
9˙537382 
9532792 
9.533202 
9.538611 


10. 463028 
10. 462618 
10.462208 
10.46 1798 
10.461389 


Soi, 


10.024330 
10.024373 
10.024417 
10.024461 
10. 024 504 


10.487358 
10 486991 
10.485 625 
10. 4862 59 
10.485893 


9˙53902⁰ 
9.539429 
9-539837 
9 540245 
9.540653 


9 576557 


9.579190 


9.975233 
9.975189 
9.975145 
9.975¹⁰ 


519.8728057 


9.975013 
9.974969 
2.374888 
9.974880 
9.924830 
9.974792 
9.974747 
9.974703 


99] 9.974559 


9-9746 14 
9-974570 
9-974525 
9 974431 
9.974436 
9.974391 


10.460980 
10.460 671 
10.460163 
10.459755 
10 459347 


10.024548 
10.024592 
10.024635 
10.024679 
10.024723 


9. 541061 
9.541468 
9.541875 
9.542281 
9.542688 


10.458939 
10.458532 
10.458125 
10.457719 
10.457312 


. 
10.0248 11 
10.0248 55 
10 024899 
10.024943 


9. 541994 
9.543499 
9.543905 
9.544316 
9. 54471<) 


10.4 56906 
10. 456 501 
10 45609 5 
10 455690 

10.455288 


10 024987 
10.025031 
10. oa 5075 
10. oa 5120 
10.02 5164 


9.545219 
Je $45524 
9.54578 
9.546331 
9.546735 


10,454881 
10.454476 
10.454072 
10.453669 
19.453265 


10. 0 5208 
10. oa 52 52 
10. oa 5297 
10.025341 


10. o 56386 


9.547138, 
9.547 540 
9.547943 
9.548345 
9.548747 


10.452862 
10.452459 
10.452057 
10.485165 . 
20451253 


10.025430 


10.025475 
10.025519 


10. oa 5 83 ö 


10.025 


9530565 
9.53091 f 
9.531265 
9 531614 
9. 531993 
9.532312 
9 532661 


9.533764 


9.974347 
9.974302 


$1 9.974257 


9.974212 


49201 9:974167 


9-974 122 
9.974077 
9.574035 
9.973987 


22714: 


9.973897 
9.973872 
9 973807 
9.973761 


9:5 [9-973716 


9.549149 
9.549550 
9.549951 
9.550352 
9- $$0752 
9.55H1 52 
9.551552 
9.551952 
9.552351 
9.553149 
9 553548 
9.387946 
9.554344 
9:554741 


9.973671 
9.97362 5 


19.973580 


9.973535 
9+973459 
[9:97 3443 
9.57339 

9.973352 
9.973107 
2.22325 


9.973769 


Sine 


9.973215. 


9.97324 
9.973078 
9.9710 4 


9, 555139 
9.555536 
2.558515 
9.556349 
9.556725 
9.557121 
9.557517 
9.557912 
9.553308 


9. 558702 


10.4508 51 
10 450450 
10. 45004 

10.449640 
1.449248 
10.4.8847 
10.448448 
10.448048 
10.447649 
10. 4472 (0 
. 
10.4468 51 
10.4464 52 
10.446054 
10.445656 
10 445258 
10.4448 6 1 
10.444464 
10.448967 
10.443671 
10443274 


8 


10. 0a 569 
10,02 3581 
10.02 578 
10.025833 
10. 02 5873 
10. 02592 3 
10,02 596 
10.025013 
10.025058 
10.026103 
0.026 148 
to. 02619 ; 
10.0252 
10.026284 


10.026329 
10.026374 
to.o26420 
10 026465 
10.026511 


10.442879 
10.442483 
10.442087 
10441692 
10.44 1297 


10. 026556 
to o 

10.026648 
10.026693 
to. 0267 39 


10.485528 
10.485763 
10.484795 


10.484070 
10. 48 3706 
10.483343 
10.482980 
10.482618 
10.482255 
10. 481893 
10.481532 


10.4808 10 
19-48c449 
[10.4800 9 
10. 379729 
10.479369 
10. 4790 10 
10.478651 


10.477934 
10. 477576 
10.477219 
10. 476862 
— 
10.476 50% 
10.476148 
10.475792 
10.475416 
10. 47 


10.474725 


10.473661 
10,473307 
10.472 

10.472868 
10.472247 
10. 47189 j 
427852 
N 10.4711 90 
8 
10.470487 
10. 4701 35 
19.469785 


10. 46943 5 
10 469085 
10.468735 
10.468 386 
10.468036 


10.440903 
10. 440509 
10. 440115 
10.439721 
10.439327 
10.438934 


10.026785 
10. o268 31 
10.026876 
10.026922 
ro. oa 6968 


10.027014 


| Tang, 


10.467688 
10.467339 
10.466991 
0.46654; 
10. 46629 


Sec ant. 


10.484434 


1.47437 
10.474016 


10.48 1170 


10.478293 


— 


10.46 5948 


P 


- 71 


Veg res. 
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A Table of Artificial Sines, Tangents, and Secants. 


20 Degrees. 


21 Degrees. 


| lee co! ON 


10 


Sine | 


9.5 340 52 
9.534399 
9.534745 
9.535091 
247 
9.535783 
9.536129 
9.536474 
9.536818 
9.537163 
9+537507 
9.532851 
2357255 
9453 

3.538880 
9.539223 
9.539565 
9.539907 
9.540249 
9.540590 


9˙972986 
9.972940 
9.972894 
9972848 
9.972802 
9.972755 
9.972709 
9.97261 7 
,9:972570 
9-972 524 
9-972477 
9.972431 
9.972384 
9.972338 


Tang. 


9.561066 
9.561459 
9.561851 
9.562244 
9.562636 
9.503028 
9-563419 
9.563811 
9.564202 
9.24592 
9.564983 
9.555373 
9.565763 
9.566153 
9.566542 


10.438935 
10.438541 
10.438146 
10.4377 56 
10.437 394 
10.436972 
10.436581 
10.436189 
10.435798 
1043547 


Secant. 

— 
10.027014 
10.027060 
10.027106 
10.027152 
10.027198 
10.027245 
10.022291 
10.027337 
100.02738 
10.027430 


10.465048 
10.4650 
10. 46 52 5 5 
10.464908 
10.464 562 
10.464217 
10.463871 
10.463526 
10.463182 
10. 462837 


10.435017 
10.434627 
10.434237 
10.433847 
10.433158 


9.972291 
9.97224 
9 97219 
9.972151 
9.972105 


9.540931 
9.541272 
9.541613 
9.541953 
9.542293 
9.542632 
9.542971 
9.543310 
9.543649 
9.543987 
9.544325 
9-544063 
9-54 5000 
9.545338 
9-545074 
33 
9.546347 
3.546883 
9.547019 
9.547354 
9.547689 
9.548024 
9.548889 
9.548693 
9.549027 


g9-972058 
9.972011 
9.971964 
9.971917 
9.971870 
9.97182 

9.9717 

9.971729 
9.971681 
9.971635 


9.566932 
9.567320 
9.567709 
9.568097 
9.568486 
9.568873 
9. . 
9.569648 
9.570035 
9.570422 


10. 43 3068 
10.432679 
10.432291 
10. 431902 
10.431514 


10.431126 
10.430739 
10.430352 
10.429964 
10 429578 


10.027476 
10.027522 
10.027 509 
10.027615 
10.027662 


1 0. 027709 i 


10.027755 
10.027802 
10.027849 
10.027895 


10.027942 
10.027989 
10. oa 8036 
9 
10. 28 130 


10.402493 
10. 462 149 
10.461 806 
10.461462 
10.46 1 20 
10.4607 
10. 460435 
10. 460093 
10.459751 
10.459410 


10.459069 
10.458728 


10.458387 


10.458047 


10. 4 5770 


9. 57d og 
9.571195 
9.571581 
9.571967 
9.572352 


10.429191 
10.428805 
10.428419 
10.428033 


10.427648 


10.028177 
10.028224 


| 1.27 


10.028318 
10.028365 


10.457 368 


10.457029 
10.456690 
10.456351 
10.456013 


9.971588 
9.971540 
19971493 
9.971440 
9.971398 
9.971351 
9.971303 
9.971256 
9.971208 
9.971161 
9.971113 
9.97106 

9.97101 

9.970970 
9.970522 


9.549360 
9.549693 
9.5 50020 
9.550359 


49 | 9:559992 


9.551024 
9.587885 
9.651687 
9.552018 
9.552349 
9.552680 
9.553010 
9553341 


95553070 
9.554000 


9-554329 


9.970874 
9.970826 


9-970779 
9.9906 


3 


9.572738 
9.573123 
9.573507 
9-57 3592 
9.574270 
9.574560 
9.575044 
9.575429 
2.27885 
9.570193 
9.576576 
9.5769 58 
9.577341 
9.577723 
9.578104 
9.578486 
3.57886 
9.579248 
9.579629 
9. S8 ooo 


9 970635 
9.970586 
9.970538 
9.970490 
9.970442 
9.970594 
9.970345 
9.970297 
9.970249 
9.970200 
9 970152 
Sine 


9.530339 
9.580769 
9581149 
9.581528 
9.58 1907 


10.427262 
10.426877 
10.426493 
10. 426108 
10.42 6724 
10. 42 5 340 
10.4249 56 
10.424573 
10. 424190 
10.423807 


10.0284 12 
10.028460 
to. o⁊8 07 
10.0285 54 
10. 02 8002 


10.455675 
10.455337 
10.454999 
10 454662 


10.454325 


10.028649 


10.028690 


10.02 8744 
10.028792 
10.028839 


10. 453989 
10.453653 
10 453317 
10.452981 
10.452646 


10.423424 
10. 42 3041 
10.4226 59 
10.422277 
10.421896 


10.421514 
10.421133 
10. 4207 52 
10.420371 
10.419991 
10.419611 
10.419231 
10.4188 51 
10.418472 
10.418002 


10.028887 
10.028934 
10.028982 
10.029030 
10.029078 


10 452311 
10.451976 
10.451641 
10.451307 
10.480978 


10.029126 
10.029173 
10.029221 
10.029269 
10.029317 


10. 4504 
10.450 306 
10.449973 
10.449641 
10.440 308 


10.029365 
10. 29413 
10.029462 
10.0295 10 
10.0295 58 


10.448976 
10.448644 
10.448313 
10.447982 
10.447651 


582286 
4 582665 
9-58 3043 
9.583422 
9.583802 
9.534177 


10.417714 
10.41733 
10.415695 
10 416578 
10.4162 
10.415823 


Tang. - 


10,029606 
10 029655 
10.029703 
10.0297 61 
to. oa 9800 


10. 447320 
10.446989 
10. 4466 59 
10.446330 
10 446000 
10. 44557. 


10.029848 


Se ant. 


10 


Slo » Bw þ tn | oa o 


lo ww ow [aw wt «of UN 


9.560531 


49.562795 


|9:573575 | 


Sine, 


Tang. 


9.554329 '9-970152 


9-554058 9.970103 


9.554987 
9.555315 
9.555043 


9.970055 
9.970006 


9.969957 


9.531177 
9.584555 
9.584932 
9.585309 
9.58 5680 


10.415823 
10.415445 
10. 415068 
10.414691 
10.414314 


Secant. 


10.029848 
10.029897 
10. 02994 5 


10.029994 
10.030043 


9.555971 
9.556290 
9.556626 
9.558283 
9.557280 


9.969909 
9.9698 50 
9.959811 
9.969762 
9.969714 


9+ 557606 
9.557932 
9.558258 
9.558583 
988909 
9.559234 
9.559558 
9.559833 
9.560207 


9.969665 
9.969616 
9.969567 
9.969518 
9.969469 
9.969420 
9.959370 
9.969321 
9.969272 
9.969223 


9.586062 
9.535439 
9.586815 
9.587190 
g9-587566 
587941 
9.588316 
9.588691 
9.589066 
9.589440 
9.589814 
9.590158 
9.590562 
9+ 59093 
9-591 30 


10.413938 
10.413565 
10.415181 
10.41 2810 


10.412434 


10. o 30090 
10. o30 140 
10,03018g 
10,0302 38 
10.030286 


10.412059 
10.411684 
10.411309 
10.410933 
10.410560 
10.410186 
10.4098 12 


10.409438 


10.409065 


10. 408 692 


19.030335 
10.030384 
10.030432 
10. c 30482 
10 030531 
10. 0 30580 
10. o 306 30 
ag ee, 
10,03072 
10.030777 


9.560855 
9.561178 
9.561501 
9.551824 
9.562746 


9.969173 
9969124 
9.999075 
9.969025 
9.968976 


9.562468 
9.563112 


95634331 


9.563755 


9.968926 
$877 


9: $9497 

950439 

9.564716 
9.565036 
9.565356 
9.565676 
9: 595995 
9.566314 
68 32 
9.56695 t 


9.963228 


9.531681 
9-592054 
9.592426 
9.592798 
9.593179 
9.593542 
9.592914 
9. 59429 

9.59465 

9 595027 
9.59 5397 


10.408319 
10,407 946 
10.407574 
10. 40720 

10.406829 


10.030827 
10.030876 

030925 
10. 0309753 
10.031024 


10.445671 
10.445342 
10.44 50 13 
10.444685 
16-444357 


10. 444014 
10.443701 
10.441374 
10.443047 
10. 442 50 
10.442364 
10.442058 
10.441742 
10.441416 
10. 44 1091 
10.440766 

10.440441 

10.440117 

10.439723 
10.439459 

10.439145 

10.438822 
10.438499 
10.438176 
10.437854 


10.4064 5 
10. 406086 
10.405715 
10.405344 
10. 404923 


10.031074 
10.031123 
10.031173 
10.031223 
10.03 1272 


10.404602 
10.404232 
10.403862 
10.403492 
10.403122 


10.031322 
10.031372 
10.031422 
10.03 1472 
10.031521 


9.597247 
5 
9.597985 
9.508354 
9.598722 


9.557269 
9.567587 
9.567904 
9.568222 
9.563539 
9.568835 
9.569172 
9.569804 
9.570 120 


968178 
3.968128 
9.968078 
9 968027 
9.967977 


9. 5 9909 1 
9 599459 
9.599827 
9.600194 
9. 600 562 


10. 402752 


10. 402 38 
10. 40201 


10. 40164 
10.401274 
10. 400909 
10.400541 
10. 100 176 
10. 39980 
1.32243 


10.031571 
10.031521 
10.031671 
10.031722 
10.031772 


10.439531 
10.4372 lo 
10.436888 
10. 436566 
10.436245 
10.435925 
10.435605 
10.435284 
10.434964 
10.434644 
10 434324 
10.434005 


to. 433268 
10. 433049 


10.031822 
10.03 1872 
10.031922 
10.031973 
10.032023 


10432731 
10. 43241 
10. 4320 
10.431278 
10.431461 


9.967927 
9.967876 
9.967326 
9.967775 
9957725 


9.600929 
9.601296 
9.601652 
9.602029 
9.602395 


10. 390071 
10. 398704 
10. 398337 
10. 307971 


10. 397905 


9.570435 
9.570751 
9.571056 
9.571380 
9.571695 


9-967574 
9.957623 
9.967573 
9.967522 
9.967471 


9.602761 
9.603127 
9.60349 
9.60385 
9.604223 


10.397239 
10. 396873 
10. 396 507 
10. 396142 
10. 395777 


9.572009 
9.572 2 
9.57263 
9.572949 
9.573263 


9.967420 
9 967370 
9.967379 
2 
9.967217 
9.967166 
Sine. 


9.604538 
9.604953 
9.605 317 
9.605682 
9.606046 
9.606410 


10. 395412 
10. 395047 
10. 394583 


10. 394318 


10˙393954 
12.393590 
Tang. 


10.032073 
10.0 32 124 
10.032 174 
10.032225 
10.032275 
10 032326 
10.032376 
10.032427 
10.032478 
10.32 529 
10.032579 
10.032630 
— 
10.032732 
10.032783 


10.032834 


10.431144 
10.430828 
10.430512 
10.430196 
10.429880 
76.429564 
10.429249 


10.428933 
10.428620 


10.427991 
10.427677 


10.427050 
10.426737 
10. 42642 5 


Secaat 


10.433686 


10.428305 


10. 427363 


10 


69 Degrees. 


D 


dd 


68 Degrees. 


332 


A Tableof Artificial Sines, Tangents, and Secants. 


22 Degrees. 


ls 00% Own R „ ol uV 


89.579162 
19 | 9-579469 


24 9.581005 
19.581312 


29 [9.582534 


34 9.58405 


$ [9.585272 
39 | 9.535574 


Line. 


9-$7357 
9.573883 
9.574200 
9574512 
9:574924 
9.575137 
9.575447 
9.575738 
9.576068 
9.576379 
9.576589 
9.575999 
9.577309 
9.577618 
2822927 
9.578236 
9.578 845 
9.578853 


9-579777 
9. 5860084 


9.580392 
1 


Tang. 


—_—_—_ 


Secant. 


9.967166 
9.967115 
9.967064 
9.96-012 
9.966961 
9.966910 
9.9668 59 
9.966807 
9.966756 
9.966704 
9.966653 
9.966602 
9.965550 
9.566499 
9.960447 
9.969395 
9965344 
9 966292 
9.966240 
9.966188 


9.606410 
9.606773 
9.607137 
9. 607 500 
9.607863 


10. 393 $90 
10, 393227 
10 352863 
10. 302 500 
10. 392137 


10.032834 
10.0 3288 
10.03293 
10.032987 
10.033039 


10.426425 
10.426112 
10˙425 800 
10.425488 


9.60822 
9 608588 
9. bo8g 50 
9.609312 
9.609+ 74 


10.394775 
10.391412 
10. 391050 
10. 390588 
0. 200326 


id. o3 3090 
10.033141 
10 033192 
10.033244 
10.033290 5 


10.424864 
19. 424553 
10 424242 
10.423931 
10.425621 


9.6 10039 
9.610397 
9.610759 
9 611120 
9.611480 


10. 389964 
10. 389602 
10.389241 
10. 388880 
10. 388 520 


10.033347 
10.033393 
10.033450 
10.033501 


18883 


10.423311 
10.423001 
10.422601 
10.422382 
10.422072 


9.611841 


9.612001 
9.612561 
9.612921 
9.613281 


10. 388 159 
10.387799 
10. 387438 
10. 387079 
10. 386719 


10.033005 
10,03365 
10.033708 


Io 033700 
10.c33S12 


966136 
9.966085 
9.966033 
9.965981 
9.96 5928 


9.6 13641 
9.6140co 
9.614359 


9.615077 


9.581618 
9.581924 
9.582229 


9.965876 
9-965824 
9.965772 
9.65720 
9.955668 


9.615435 


9.616367 


9.614718 


10. 3860 


10. 385641 
10. 385282 
10. 3284923 
10. 384565 
10. 384207 
10. 383849 
10.383491 
10 383133 


10.033863 
10.033915 
10. 33967 
10.034019 
10.034071 


10.421704 
0.421455 
10.421146 
10.4208 38 
10. 420530 
10 420233 
10,41991 

10. 41960 

10.419301 
10.418990 5 


10.034124 
10.034176 
10.031228 
10.034280 


10.034332 


10.418688 
10.418382 
10.418076 
10.417771 
10.417465 


9.582340 
9.533144 
9.583449 
9.58375 

9.584361 
9. 584065 
9.58496 


9.585377 
9.586179 
9.586482 
9.586783 
9.587085 


9.965615 
9.965563 
9.965511 
9.965458 
9.965406 
9.965353 
9.965301 
9.965248 
9.965195 
9965143 


9.617224 
9.617581 
9.617938 
9.618295 
9.618652 


10. 382776 
10. 382418 
10. 382061 
10. 38170 5 
10. 381347 


10.034385 
10.034437 
10.034489 
10.034542 
10.034594 


9.619008 
9619364 
9.619720 
9.620076 
9.620432 


10. 380992 
10. 380635 
10. 380279 
10.379924 
10. 379 5608 


10, C3447 
10.034699 
10.034752 
10.034805 


10,034? 57 


9.965090 
5.861% 
pogo 
9.964 

9.964878 


9.620787 
9.621142 
9.621497 
9.621852 
9.622207 


10.37921 
10. 3788 58 
10. 378503 
10. 378148 
10.377793 


10 034910 
10.034963 
10.03 5016 
10.03 5069 
to. 9 5121 


10.417160 
10.416855 
10.416551 
10.416246 
10 415942 
10.415538 
19.415335 
10.415031 
10.414728 
10.414425 
10.414123 
10.413820 
10.413518 
10.413216 
10.412915 


9.964826 
9.964773 


964719 
4 964868 
9.964613 


9.622561 
9.622915 
9.623269 


9.62397 


9.023623, 


ee 
10. 377085 
10. 376731 
10. 376377 
10. 376024 


10.035227 


10.03 5280 


18388 
10.035387 


10.412613 
10.412312 
10.412011 
10.411711 
10*411410 


9 964560 
9 964507 
9-9644 54 
9.964400 


'9 bas 0 
9-624 3 
9-6250 

9.625388 


9.625741 


10. 37570 
10.375317 
19.374964 
10. 3746 12 


10.324252 


10.035440 
10.035493 
10.035546 
10.03 560 


10. 03 56 59 


10.44 1110 
10. 41080 
to. 410511 
10.410211 
10. 4099 12 


9.591878 


9-964347 


9-591580{ 9.96 


Sine 


9.626445 
9.626797 
9-627149 
9.627501 
9.627852 


9.6260%3 


10. 373907 
10.373555 


10. 373203 


10.372851 
20.372499 
10. 372148 


Tang. 


10.03 570 
10.035760 
10.035813 


10.03 5867 


10.035920 
10.035974 


10.409613 


10. 408 122 


E 


Secant. 


10 425176 


5\o ww ouvistw us o | ui 


Sine 


< 


23 Degrees. 


Tang. 


_ 
* 


Secant 


9.591878 
9.592175 
9.592473 
9.592770 
9. 593059 
9.592363 
9593559 
9.593955 
9.594251 


9.597196 


19 | 9-597490 


9.597783 
9.5980) 
9.59836 
9.598660 


24 | 9.598952 


5 9- 
9 


9.964026 
9.963972 
9.963919 
9.963865 
9.963811 
9.963757 
9.9637 
9.963650 
9.963596 


$47 [9 963543 


9.627353 
9.620203 
9528554 
9.628905 
9.629255 
9.b296c6 
9.629956 
9.630306 
9.630656 
9.631005 


9.963488 
9.963434 
9.963379 
9.963325 
9.963281 
9.562467 
9.9 31 2 
9.963108 
9.963054 
9.962999 
9.962945 
9.992836 
9-962781 
9.992727 


9.631354 
9.631704 
9.632053 
9.632401 
9.632750 


10.372148 
10.371797 
10. 371448 
10. 371095 
19.379745 


10.035974 
10,036028 
10.036081 
8 
10.036189 


10.408 122 


10.407824 
10.407527 
10. 407230 


10.370394 
10. 370044 
10. 369694 
10. 369344 
10. 36899 5 


9 
10.036296 
10. 0363 50 
10.0 36404 
10.0364 58 


10.406933 59 


10.4066 30 
10. 406341 
to- 406044 
10.405749 


10-405453] 51 


10. 36804 
offend 
10, 367547 
10.367548 
10. 367250 


10.036512 
10.036566 
10.036620 
10.036677 
10 036729 


10.405 158 
10. 404 863 
10.404568 
10. 404273 


—.4 03929148 


9.633098 
9.633447 
9.633795 
9.634143 
34. 
9.631839 
9.63518 
9635532 
9.635872 
9.635 226 


9.599244 
9.599325 
99827 
600118 
9.600409 


9.962672 
9.962617 
9.962562 
9.962509 
9.962453 


9.636572 
9.636918 
9.637265 
9.037611 
9.637956 


8 
9.600990 
3 
9.601570 


34 | 9.601860 


9.962398 
9-962 343 
9.962238 
9.96223 ; 
9.96217 


9.538 30 
9.638047 
9.638992 
9.639337 
9.639682 


9.602149 
9.602439 
9.602728 
9.6030 17 


39 | 9-603305 


9.992123 
9.962067 
9.962012 
9.961957 
9.961902 


9.640027 
9.640371 
9.640716 
9.641060 
9641404 


10. 366901 
10.365553 
19. 365205 
10. 365857 
10. 3655 10 


10.036892 


10.036783 
10.0368 37 


10.036946 
10.037001 


10. 40368 5 
10.403391 
10.403097 
10. 402803 
10. 402510 


10 365 162 
10. 364815 
10. 364468 
10. 364 121 
10.363274 


10. 37055 
10.037 110 
10.037164 
10.037219 
10.032273 


10.402217 
10. 4019 5 
10. 4010632 
10.401340 
to. 40 1048 


10. 36 3428 
10. 36 3081 
10. 3627 3 5 
10. 362 389 
10. 362044 


10.037328 
10.037383 
10.037438 
10.037493 
10.037547 


10.4007 56 
10. 4004 64 
10 399882 


10.329291“ 


10. 361698 
10. 361353 
10. 36 1009 
10. 360667 
ro. 360378 


10.037602 
10.037657 
10.0377 12 
10.037767 
10. 37822 


10.359973 
10. 359629 
10.359284 
10.358940 
o. 3 58 896 


10.037877 
10.03793 
10.037980 
10,1843 
10.0 3809 


9.603594 
9. 603d 2 
9.904170 
9.604457 
9.604745 


9.961346 
9.961791 
9.961735 
9.96 1680 
9.961624 


9.605032 
9.605319 
9.605606 
9.605892 
9. 606 179 
9.606465 
9.606751 
9.607036 
9.607322 
9.607607 


9.961569 
9 96151 

9-96145 

9.961402 
9.961346 
9.961290 
9.961235 
9.961179 
9.961123 
9.961067 


9.641747 
9.642091 
9.642 34 
9.642777 
9.643120 


10.358253 
10.357999 
10. 357566 
10.357223 
10. 356880 


10.038154 
10.038 209 
10.038264 
10.038 320 
10.038375 


643453 
- 64 3306 
9.644148 
9 644495 
9.644832 
9-645174 
9.545516 
9645857 
9.646199 
9.646540 


9.607892 
9.508176 


19.508461 


9.608745 
9. 609029 
9.609373 


9.961011 
9.960955 
9.980899 
9.950843 
9.960786 
9960730 


10. 350537 
10. 356194 
10˙35 58 52 
10˙355 510 
10.385168 


10.038431 
10.038487 
10.038 542 
10.038 598 
to 018654 


10. 39 0 
10. 359010 
10. 398 720 
10. 398430 
19. 398140 


10. 397850 


10.397501 
10. 397272 
10.396983 
18. 39669 5 
10. 396406 
10. 396118 
10. 395830 
10.395543 


10.395455 


10. 394908 
10. 394681 


10.394394 
10. 394108 
10-393821 


10. 354826 
10.354484 
10.354142 
10.353801 
10.353460 


10.038710 
10.038765 
to. o3882 1 
10.038877 
10.038933 


0.393535 
10 393249 
10. 3929 

10. 392678 
10. 392393 


9.646881 
9.647222 
9-647 562 
9.547903 
9.648243 
9.648 583 


Sine 


10.353119 
10. 352778 
10. 352438 
10.352097 
10.351757 
10.3514 17 


10. 039220 
Tang. 


10.038989 
10.039045 
10.039101 
10.039157 
10.039214 


1 


| 


10.392108 
10.391323 
10.391539 
10.391255 
10.390971 
10, 390687 

Secant. 


Al o ww > wn | aw con 


2 


67 Degrees. 
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66 Degrees. 


A Table of Artificial Sines, Tangents, and Secants, 


24 Degrees. 


25 Degrees. 


= "— 


Sine 


9.609313 
9-009 597 
9. 609880 
9.61016 
9.61044 
9.610729 
9.611012 
9.611294 
9 611596 
9.611858 


— —  ___ 


9.612140 
9.612421 
8 

212983 
9.613264 
9.613545 
9 613825 


9.614385 


9-614944 
3015223 
9.515 502 
9-61 781 
9 61 o 


9.614 1051 
2.014265] 9. 


10.351417 
10. 351077 
10.350737 
10. 3 50398 

10. 350058 


Secant. 


10.039220 
10.039326 
10.039382 
19.039439 
10. 39495 


10.349719 
10. 349380 
10. 34904 1 
10. 348703 

110. 345364 


10.039552 
10.039608 
10.039665 
10.039721 
10.039778 


10. 390687 


10.390403 
10. 390120 


10. 3898 36 
to. 389553 
10 389271 


10. 388706 
10.388424 
10 388142 


10. 388988 


10. 348026 
10.347688 
19.347350 
10.347012 
10, 346674 


10.035834 
10.039891 
10.039948 
10,042905 
10.04c092 


10. 387860 
10. 387 579 
10. 387298 
10. 387017 
10. 386736 


10.346337 
10.346000 


10.345662 
110.3453 
10 344980 


10.040118 
10.040175 
10.040232 
to 04928) 
10 040316 


10. 386455 
10. 386175 
10. 38 589 5 
10.38 5615 
1.385378 


9.959425 
9.95936 


9.616338 
9.616876 
9.616394 
4.617172 
9.617450 
9.617727 
9. 618004 
9.618281 
9.618558 
9.618834 


9.959310 
9.959253 
9.95919 
9.95913 
9.959080 


10.344652 
10. 344316 
10. 343980 
10 343644 
10.343308 
10. 342972 
10.342636 
10.342301 
10. 341966 
10. 3416 31 


10.341296 
10.340901 


9.6 59303 10.340627 


10 340292 
10. 3399 58 


9.619110 
9.619386 
9.619662 
9.619938 


9.620488 
9. 620763 
9.621038 
9.621313 
9.621587 


9.622135 
9.6224 
3.622882 


9.623229 
9.623502 
9.623777 
9.624044 


9.621867 9.0 


9.522956 


9.624319 


9.620213 


9.957979 
2282925 


10. 339024 
10.339290 
10 338957 
10.338623 
10. 338290 


10 040404 
10 040461 
10.040518 
10 40575 
10.040033 
10.040690 
0. 40247 
ro. o4080 
10.040862 
10.040919 
10.040977 
10,041035 
10.041092 
10. o4 1150 
o. oꝗ 1208 
10. 41265 

10.041323 

to. o4 138 

10.041439 
10. o 1497 


10. 38 5056 
10.384777 
10. 384498 
10. 384219 
10. 383940 
10. 38 3062 
10.383384 
10.383 106 
o. 382828 
10. 382550 
10. 382273 
10. 38 1996 
10.381719 
10. 381442 
10. 381166 
10. 3 80890 
10 380614 
10.380335 
10. 380002 
10. 379787 


10.337957 
10. 337023 
10.337291 
10.336958 
10. 33662 5 


10. 336293 
110. 335951 
10. 335629 
10-33 5297 
4 19-334965 


9.957863] 9.1 


9.95780 


ohh; 


9.6251 
9.525405 
9.62 5677 


9.625948 


10.334634 
10. 334302 
10.333971 
19.333640 
T4 10-333399 


10.04 1555 
10.041613 
10.041671 
10. 04 1729 
10.041787 
10.041840 
10.041904 
10.041962 
0.42021 
10. 42079 
10.042137 
10.042196 
10.042254 
10. og42313 
10.042372 


10.379512 
10.379237 
10. 378962 
10. 378637 
10.378413 
10.378139 
10. 377805 
10. 37759 
10. 37731 
10. 377944 


10.376498 
10.376226 


10.375953 
10.375681 


10. 33297 
10. 3326. 
2110.332318 


10.331657 
10.231327 


10.331987 


10.0424 JO 
10.042489 
I 6.002840 
10.942007 
10.042665 
10.042724 


Tang. 


10.375409 
10.375737 
10 374565 
10. 374594 
10. 374323 
10. 374052 
| Secant. | 


10.376771 10 


Sl o = — mnlow 090 


nou ohoaw anlsus.o wN 


9.957276, 
9.957217 
9.957158 
9.957099 
3019.957040 
9 950981 
9.956921 
9.950862 
9.956803 
9 959744 


| | Tang, | 


9 668672 
9.669002 / 
9.669332 
9.669661 
9 669991 
9.670320 
9.670649 
9.670977 
9.671306 
9.671634 


| Secant. 


10. 331327 
10. 330995 
10. 330668 
10. 330339 
10. 33000 


10. 042724 
10.042783 
10. o4 2842 
10.042901 
10.042960 


10.374052 


10. 329680 
10.329351 
10. 329023 
10. 328694 
10. 328365 


10.04 3019 
10. 04 3078 
10.043138 
19.843197 
10.043256 


19.956684 
9.956625 
9 956566 
9.956506 
9 956447 


9.671963 
9.672291 
9.672619 
9 672947 
9.673274 


10,328037 
10.327709 
10. 327381 
10. 327053 
10 32672 5 


IC,04 3 375 
10.043434 
10.04 3494 
10.043553 


9.956387 
9.956327 
19 956268 
9.956208 
9.956148 


9.956089 
9.956029 
9.955969 
519.95 5909 
3929.955849 
| 9-955759 
9 955729 
9.955069 
9.955 
9.95554 


9.673602 
9.573929 
9.674257 
9.674584 
9.074910 
9.675237 
9.675504 
9.675390 
9.676216 
9.676543 
9.676869 
9.677194 
9.677 520 
9-677846 
9.678171 


10. 326398 


10.325743 
10.325416 
10. 325089 


70.324763 
10. 324430 
10. 324110 
10. 323783 
10323457 
10.323131 
10. 322806 
10. 322480 
10. 322154 
10. 321829 


9.955488 
9.955428 
9.955368 
819.9553070 
9955242 


9.678495 
9.678821 
9.679146 
9.579471 
9679795 


10.321504 
10. 321179 
10. 320854 
10. 320629 
10. 320205 


50979 95505 


9.63662 
9.636886 


9.6 9-954640 


9.955186 
9.955126 
9:955065 


12.954944 
9954883 
9.954823 
9.954762 
9.954701 


9.954579 
9954518 
9.954457 
9.954390 
9.344325 
9.954274 
9.954213 
19.954752 

9.954090 
9.954029 


19.9535 
15.953845 
19.952783 

9 953722 
9.953650 
Sine + 


9 680120 
9.680 
9.68070 
9.68 1092 
9.681416 


3 
9.682063 10. 317937 
310 2727 
9.682710 
9.633033 
9.633356 
9.683678 
9.634001 
9.684324 
9.634646 
9.684908 
9.68 5290 
9.635612 


9-685934 
95862 55 


952968 19.686577 
9.9339 9.686898 
9.6872 19 
9.687540 
9.637801 
9.688182 


10. 319880 
10.3195 50 
10. 319232 
10. 318908 
10.318584 


10. 32604 


10.943613 
10.04 3673 
10.0437 32 
10.043792 
10.0438 52 


10.043316 


19.370279 
10. 37cö11 


10.043911 
10.043971 
10.044031 
10. 044091 


10.044211 
10.044271 
10.044331 
10.044391 


10.044512 
10.044 72 
10.044 32 
10. 044693 
—. 044753 
10.044814 
10.044874 
10.044935 


N 10. 04499 5 
10. o 50 50 


10. 318260 


10.317613 
10.317290 
19.345989 
10. 316644 
10.316321 
10.315999 
10. 315676 
10 315354 
10.315032 
10,314710 
10.314388 
10. 31405 6 
10.313745 


10.313102 
10.312781 
10. 32460 
10. 312139 
to. 3211818 


Tang. 


10.313423 


10.045117 
10.045177 
10.04 5238 
10. 025299 


10.0454 424 
10.045482 
10.045543 
10.045004 
10.045665 
10.045726 
10.04.5787 
to. a4 5848 
10. 04 59 10 
18.045971 
10.046032 
10.046094 
10.046155 
10,0462 17) 
10. 046273 
10.46 340 


10.044151 


10. 0444 52 
— 22.5. ans 


10.045359 


10. 564694 
10. 64430 


10.359716 
10 359455 
10.359196 
10. 358936 
10.355676 
10.358417 
70.358158 


Secant 


o = Bw los ws 
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A Table of Artificial Sines, Tangents, and Secants. 


26 Degrees. 


27 Degree. 


Sine. 


9.641842 


9.64210] 


9.642360 
9.6420 18 
9.642876 


9. 953060 
9-953598 
9-953537 
9-953475 
9953412 


Tang. 


9.6881 82 
9.688502 
9.688823 
9.689143 
9.689463 


25 


10.311818 
10.311498 
10.311177 
10. 310857 
10.310537 


Secant. 


10.046340 
10.0364 10 
10.046463 
10.046525 
10.046587 


10. 358 158 
10.357899 
10.3575. 
10.357382 


9.643135 
9.043393 
9.54 3650 
9.643968 
9.644165 
9.644423 
9.644680 
9.643936 
9.645193 
9.645450 
9.645706 
9.645962 
9.646218 
9.646473 
9.646729 
9.646984 
9.647239 
9.647494 
9 647749 
9.648004 

648258 
3.6485 12 
9.648766 
9.649020 
9.649274 
9 649527 
9.649781 
9.650034 
9.650287 
9.659+39 


9953351 
9.953290 
9.953228 
9.953166 
9.953104 


9.689783 
9.690103 
9.90423 
9.6907 

9.691062 


10. 310217 
10. 309897 
10.309577 
10. 309258 
10. 308938 


10.046648 
10.0457 10 
10.046772 
10.0468 34 
10.046896 


10. 356865 
8 
10. 356350 
10. 356092 
10.355835 


9.952042 
9.952980 
9.952917 
9.952855 
9.952793 


9.69 1381 
9.691700 
rar 
9.69233 

9.692656 


10. 308619 
10. 308 300 
10. 307981 
10.307662 
1.387342 


10.0469 58 
10.047020 
ro. 47082 
10 047145 
10.047207 


10.355577 


10.355320 
10.355063 


9.952731 
9.952668 
9.952606 
9.9 52544 
9.952481 
9-952419 


+9522 
4 52 168 
9952105 
9.952043 
9-951980 
9.951917 
9.951854 


9.952356 


9.692975 
9.693293 
3912 


10. 30702 5 
10. 309707 
10. 30638 

10. 306070 
10. 30 57 52 


10.047269 
10.047331 
10.047394 
10.0474 56 
10.047519 


10.354294 
10. 354038 
10. 353782 
10. 353 5 
10 355271 


10.305434 
10. 305117 
10. 3047 

10. 304482 
10. 304 164. 


10.0.7 581 
10.047044 
10.047706 
10.047769 
10.047832 


10. 353016 
10.3527 
10. 352 505 
10.352251 
10. 351996 


10. 303847 
10. 303 5 30 
10. 303213 
10. 302897 
10.302580 


10.047894 
10.0479 57 
10,048020 
10. 048083 
10.48 146 


9.951791 


9 9516655 
9.951602 
9-951539 


9.6 50792 
9.651044 
g.651297 
9.651549 
9.651800 


9.951476 
9-951412 
9.951349 
9.951286 
9.951222 


9.951728 


9. 
9.70057 


10. 302264 
10.301947 
10. 301631 
10.301315 
10. 300999 


10. 300368 
10. 300053 


10.299422 


10. 300684 


10.299737 


10. 48209 
10.048272 
10 04833 
10. 48 39 
10. 04846 
— — — 


10.048 524 


10.048 888 
10.048651 
10. 048714 
10.048778 


9.652052 
NON 
9.65 
3652164 
9.653057 
9654307 
9.65355 
3.653808 
9.654039 
9.654309; 


9-951159 
9.951096 


9.950968 
9 9530905 


9.95 1032 


9.70089 
bee. 
9.701823 
9.701837 
9.702 1 52 


10.299107 
10.298792 
10.298477 
10.298163 
10. 297848 


10.048841 
10.048904 
10,043 968 
10.049031 
10.049095 


10.351742 
10.351488 


10.358473 
10. 3 502 19 


10. 349966 


10.347948 
10. 347596 
10. 347445 
10.347194 
10. 346943 


9.950841 
9.950777 
9.9507 14 
9.950650 
9.950 586 


9.654558 
9.654858 
9.655057 


19.655307 


9.655556 
9.655805 
9.650054 
9.656302 
9.656550 
9.656799 


19.582047 


9.959522 
9.9504 58 
9 959394 
9.950330 
9.950266 
9.950202 
9.950138 
9.950074 
9.950000 
9 959945 
9.959881 


Sine. 


9.702466 
9.702780 
9.703095 
9.703409 


[9.703722 


9.704036 
9.704350 
9.70466 
9.70497 
9.705290 
9.705603 
9.705916 
9.706228 
9 705541 
9.70685 
9.70716 


,10.297534 
10.297219 
10.29690; 
10,296591 
10.2962 77 


10,0491 59 
10,049222 


10.049286 
10 049350 
10. 494 14 


10.295964 
10.295650 
10.295337 
10. 20 5023 
10.294710 
10.294397 
10. 2940 

10.293772 


10.293459 
10.293146 
10. 292834 


10. 049478 
10 049542 
1004966 
10.049670 
10.0497 34 


10. 346692 
10. 346.42 
10.346192 
19.345941 
10.34 5691 
10. 345442 
10. 345192 


10. 344442] 


10. 344693 


10.049798 
0.049862 
10.049926 


10.049990 
to. 50055 
to. 0 50119 


10. 344195 


10.343201 
10.342953 


Tang. 


Secant. 


bo 


59 


10. 35712 3] 59 


10. 37 1807] 47 
10.35455c| 46 


45 
44 
43 
42 
41 
40 
3 

39 
37 
36 


8 
7 
6 


5 
4 
3 
2 
1 
o 
M 


10-344444] 6] 54 


Sine 


Tang.) 


9.657047 
9-657295 
9.657542 
9.657790 
9.655037 
9.658284 
9.658531 
9.658778 
9.659024 
9.659271 


9.949881 
9.949816 
9:949754 
9-949688 
9:949623 


9-949558 
9.949494 
9.949429 


9.949364 


9.949390 


9.659517 
9.659763 
9.660009 
9.660255 
9.660500 


9-949235 
9-949170 
9-949105 
9.949040 
9 948975 


8 
660991 
9 6 
9.651481 
9.661726 


9.948910 
9.948845 
9.948780 
9.948715 
9.948649 


9.661970 
9.662214 
9.602459 
9.662703 
9.662946 


9 948584 
9.948519 
9.94845 
9.94838 
9.948323 


9.653190 
9.663433 


9.663677 


9.663920 
9.664163 
9.664406 
9.664648 
9.664891 
9.655133 
9-665375 


9.948257 
9.948192 
9.948 126 
9.948060 
9.947995 
9.947929 
9.947363 
ped 
9.94773 

9-94 7665 


9-707166 
9.707478 
9-707790 
9.708102 
9.708414 
9.708726 
9+709037 
9+709349 
9.709660 
9.709971 
9.710282 
9.710593 
$+7*v224 
9.711215 
99211525 
9.711836 
9.712146 
9.712456 
9.712766 
9.713076 
9.713386 


9.713699 


9.714004 
9-714314 
9.714624 


9.714933 


9.715242 
9.715 5 
71 
1. 168 
9-7 16477 
9.716785 
9.717093 
9.717401 
9.717709 


10. 292834 


10.292 522 
10. 292210 
10.291898 
10.291586 


Secant. 


10.050119 
10.0 501 73 
10.05024 

10.050312 
10.0 50 377 


10.291274 
10. 2 90963 
10.2906 51 
10. 290340 
10.2 90027 


10.050441 
10. o g 506 


10.050571 


10. o 50035 
10.0 5070 


10.289718 
10. 289407 


10. 289096 


10.288785 
10.288475 
19.288 164 
10. 287354 
10.287544 
10.287234 
10. 286924 


10. 5076 5 
30 


10. oo 


10, 5089 5 
10.050960 
10. 5 102 5 
10.051090 
10.051155 
10.05 1220 
10.05 1285 
to. o 1350 


10.286614 
10.286304 
10. 28 5995 
10.285685 
10.286370 


10.05 1416 
to. o5 1481 
10.05 1546 
10.051612 
10.081677 


4 


—— — 
10. 342953 
10. 34245 

10. 342210 
10. 341963 
10. 341716 
10.341469 
10. 341222 
10.349975 
10. 340729 
10. 340483 
10˙340237 
10.339991 


10.339745 


10.339499 
10. 339254 
10. 339009 
10. 338764 
10 338519 
10.338274 


10. 338030 
10.337785 
10.337541 
10.337297 
10.337054 


10. 28 5067 
10.284758 
10. 284449 
10.284140 
10.283832 


10.051724 
10.05 180 
10. 51874 
10.051940 
o. o 200g 


10.283523 
10.283215 
10. 282307 
10.282 599 
10.282291 


10.052071 
10.052137 
10.052203 
10:052269 
10.0523J4 


9.665617 
9.665359 
9.666100 
9.656341 
9.656583 


9.947 599 
9.947533 
9.947467 
9.917401 
9.947315 


9.566682 

5.66706: 
9-667305 
9.657546 
9.667786 
9-668026 
9.658266 
9.668506 
9.668746 


49] 9.668986 


9.669225 
9.66946; 
9.669703 
9 669942 
9.670181 


9.947269 
9 947203 
9-947136 
9.947070 
9 947004 
9.946937 
9.946871 
9.946304 
9.9467 38 
9.946971 
9.945504 
9.946 538 
9.946371 
9.946401 
9.946337 


2.3795 6 


9.718017 
9.718325 
9.718633 
5.718940 
9.719248 


10.28 1983 
10.281675 
10.281367 
10. 28 1060 
10. 2807 52 


54 
9:7 19862 
9.72016, 
9.720426 


9.720783 


9 721089 
9.721396 
9.721702 
9.722008 
9.722315 
9.72262 
9.722927 
9.723232 
9.723538 
9.727844 


10 280445 
to. 280138 
10.279831 


10.279524 
10.279217 


10.052400 
10. 952466 
10.052 533 
10.052529 
10.052665 
10.052731 
10.052797 
10.052864 
10.052930 
10.052996 


10. 3368 10 
10. 336 566 
10. 336323 
10.336080 


10.335837 
10. 335594 


10.335352 
10.335109 
10 334867 
10. 23462 0 
10. 334383 
10. 334141 
10. 333909 
10.333558 
10.333417 
10. 333176 
10 332935 
10.332695 
10.332454 
10 332214 


10.278911 
10.278604 
10. 278298 
10.277991 
10.277685 


10.053053 
10.053129 
10.053196 
10.053262 
10.0 63329 


10.331973 
10.331733 
10.331494 
10.331254 
10.331014 


10.277379 
10. 177073 
10.276768 
to. 276462 
10.276156 


10,5 3396 
10.053462 
10.0 53729 
10.063 566 
10.053663 


10. 33077 
10. 33053 
10. 330297 
10, 330058 
10. 229819 


9-970 2 
9.7005 
9.670896 
9.671134 
9.671372 


9.946270 


9:671059 2 5225 


9.724149 
9.724454 
9.7247 59 
9.725065 
9 725369 


10.2758 51 
10.275546 
10.27 5240 
10.274935 
to. 274630 
10.274326 


10.0537 30 
10.053227 
10.053864 


10.053931 


10.053998 


9.725674 


Tang. 


| 10,054055 


10. 329581 
10.329342 
10. 319104 
10. 328866 
10. 328628 
10. 328391 


Secant. 


zl o — » wo | ow o 8 
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03 Degrees. 


62 Degrees. 
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A Table of Artificial Sines, Tangents, and Secants. 


33 


5 


25 Degrees. 


29 Degrees. 


&'lo ww „ ul 


wy | fs 
to — 


13 


I 


18 


81 


IESE 


9.677731 


7149.680288 


2919.883085 


84 9.684201 


Sine | 


9.671609 
9.671847 
9.672084, 
9.672321 
9.672558 
9.672795 
9.673032 
9.673268 
9.673505 
9.673741 
9+673977 
9.67421 3 
9.67444 

9.674584 
9.674919 
9.675155 
2675325 
9.67 5624 
9.675859 
9:676094 
675328 
22 
9:676796 
9.6770 

2.657285 


9-94 59 
9.335368 
9.945800 
9-945733 
9-94 5606 


Tang . 


94725674 
9725979 
9.726284 
9.726 588 
9.726892 


10. 274326 
10.274021 
10.273716 
10.273412 
10.273 107 


Secant. 


10.0 5406 5 
10.054132 
10.054199 
10.054267 
1.854334 


10.328391 
10. 32815 E 
10.327291 

10, 327679 
10.327442 


9.945 598 
9:945531 
9.945464 
9.945396 
9-945328 
9.945261 
9945193 
9.94572 

9.94505 

9.944990 


9+727197 
9.727501 
9.727805 
9.728109 
9.728412 


10.272803 
10.272499 
10.272195 
10. 27 ** I 
10.27 1588 


10.054401 


10.054469 
10.0545 36 
100. 54604 
10.054671 


10. 327205 
10. 326968 
10.326732 


10.326495 
10. 32 6 59 


9.728716 
9.729020 
9.729323 
9.729626 
9.729929 


10.271284 
10.270980 
10.270677 
10.270374 
10.270070 


10.054239 
10.054807 
10.054874 
10054942 
10. o 50 10 


9.944922 
9.944554 
9.944780 
9 944218 
9.944650 


9.730232 
9-730 8 
9.73083 

9.731141 
9.231444 


10.269767 
10. 269465 
10.269162 
10. 2688 59 
10.268 5 5 


10.05 5008 
10.055146 
10. 05 52 14 
10.055282 


10.05 53 50 


10. 32602 3 
10. 325787 
10. 325551 
10. 325316 
10. 325081 


— — 


10. 324845 
10. 3246 10 
10. 324370 
10. 32414 1 
10. 32 3906 


9.944582 


9.944309 


9.677497 


9.677964 
9.678 197 
9.678430 
9.678663 
9.678895 
9.67912 

9.679 360 
9-679592 
9.579824 
9.68005 


9.680519 
9.680750 
9.680982 
9.681213 
9.681443 
9.68 1674 
9.681905 


9-94424 1 
9.944172 
9.944104 
9.944036 
9.943967 
9943898 
9.943830 
9.943761 
9.943692 
9.943624 
9.943555 
9.943486 
9.943417 
9.943348 
9.943279 
9.943210 
9.943141 
9.943072 
9.943003 
92422331 


9.682135 
9.68238 $ 
9.632595 
9.68282 5 


9.683284 
9.683514 
9683743 
9.68397 


9.584430 
9.6846 58 
9.634887 
9.685115 
9685343 


9.942364 
9942795 
9 942725 
9942056 
9-942.587 
9 942517 
9.94 
9 942378 
9.942308 
9.942239 
9.942169 
9+-942099 
9.942029 


50H 


9.731746 
9.732048 
9.732351 
9.732653 
9 732955 
9.733257 
9.733555 
9.7335 

9.734162 
9.734463 


10. 268254 
10.267952 
10.267649 
10. 267347 
10.267045 
3 
10.266442 
10. 266140 
10.265838 
10.265537 


10.05 5418 
10. 05 5486 
10.055554 
10. o5 5522 


10.055691 


10.055782 
10.055827 
10.055896 
r0.05 5964 
10.056033 


10.323672 
10. 323438 
10. 323204 
10. 322970 
10. 322736 
10.322502 
10. 322269 


10.322036 


10. 32 ˖ 803 


10.321570 31 


9.734764 
9-7 35066 
9+735307 
9.735668 
9-735968 
9.730269 
9.726875 
9.736870 
9.737171 
947 3747! 
9.737771 
9.738071 


_— — — 


9.739271 


10.265436 
10.264934 
10. 264633 


10.264332 
10. 264031 


10.0 56101 
10.056 7 
10.052 39 


10.056307 
10.056 376 


10.321337 
10. 321 104 
10. 320872 
10. 320640 
10. 320408 


10.263731 
10.263430 
10.263129 
10.262829 
10. 262 629 


10.056445 
10.0565 14 
10.056583 
10.0566 5 
10.0567 


10. 320176 
1.313742 
10. 319 

837 
10. 3192 50 


10.262229 
10.261928 
1.8655 
10. 26 1329 
10. 261029 
10.260729 
. 
10.2601 30 
10.259831 
10. 269 532 


10.056790 
1 
10. 05692 
10.0 569 
o. o "a 


— j—.ä— 


10.057 136 


10.057205 
10.057274 
10.057344 
10.057413 


9.740767 


2448 9.74066 


9-741365 
9.741664 
9.741962 
9.742261 
9.742552 
9.742858 
9.743156 
9.743454 
9.743752 


%685571 


Sine. 


9.941819 


10.259233 
10:23 8934 
r0.25363 5 
10.25333 

10.25303$ 


10,257739 
10.257441 
10.257142 
10. 256844 
10. 2 56546 


10. 256248 
| Tang. 


10.057483 
10.057552 
10.057622 
10.057692 
10.057761 


10.057831 
10,057 901 
10.057971 
10.058041 
10.058111 


10.058 181 


1 


10. 319018 
10. 318787 
10.318557 
10.318326 
10. 318095 
10.317865 
10. 317635 
10. 317405 
10. 317175 
10.315948 
10. 316716 
10. 316486 
10.316257 
to. 316028 
12.315792 
10. 315 570 
10.315342 
10.315113 


Secant. 


— 
10 


Ile — l o 


ole ww ou ew t - o| WIN | 


Sine, 


9.685 571 
9.635799 
9.686027 
9.6362 

9.636482 


9.941819 
9.941747 
9.941679 
9.941609 
9.941539 


4 


Tang. 


9.743752 
9.744050 
9.744348 
9.744645 
9 744943 


10.256248 
Feng 
10.25 5052 


10.255155 
10.255057 


8 Secant. 


10.058181 
10.058251 
10.058321 
10.058391 
10.058461 


9.686709 
9.086936 
3 

- 9 
9.687878 


9.941463 
9-941398 
9.941328 
9.941257 
9.941182 


9.745240 
9.748529 
9.745835 
9.746132 
9746429 


9.687842 
9.688069 
9.688295 
9.638521 


9.688747 


9.941117 
9.941046 
9.940975 
9.940905 
9.940834 


9.940763 
9.940693 
9.940022 
9.940551 
9.940450 


9.746726 
9.747023 
9747319 
9.747616 
9.747912 
9.748209 
9.748505 
9.748301 
9.749097 
9242393 


9-944 
9-94033 
9.94026 
9- 94919 
9940125 


9.691220 
5 691008 
9.691892 
9.692115 


9.940053 
9.939982 
9.939913 
9.939840 
9.939768 


9.69233 

* 
9.692785 
9-59 3009 
9.893231 


9.939697 
9.939625 
9.939554 
9.939482 
9.939410 


67875 
9.693 

9.693898 
9.694120 
9.694.342 
9.694564 
9.594786 
9.695007 
9.695229 
9-6954.50 
9.695071 
9.695892 
9.696113 
9-096334 
9.696554 
9.696774 
9.696995 
9.697215 
9.697435 
99284 
9.697374 
9.698094 
9.698313 
9.698532 


19.693751 


9.939339 
9.939267 
9.939195 
9.939123 
9.939051 
9.938980 
9.938908 
9.338836 
9.938763 
9.933691 
9.938619 
9-933547 
9.938475 
9.933402 
9-933339 


9.749689 
9.749985 
9.750281 
9-7 50576 
9750872 
9.751167 
9.751462 
9.751757 
9.752052 
9.752347 
9-7 52642 
9-7 52937 
9.753231 
9.752526 
9-75 3520 
9.754115 
9-754409 
9-7 54703 
9.7 54997 
9288291 
9.75558 

3.755378 
9.756172 
9.756465 
9.750759 
9-757052 
2.7278 
9.75763 

9.757931 
9.758224 


10. 2 54760 
10. 2 54402 
10.2541 
10.257868 
10.2 $357 1 
10.253274 
10.2 52977 
10.252681 
10. 2 52334 
10. 252087 


10.251791 
10.251495 
10.251199 
10,2 50903 
10. 2 50607 
10. 2 50311 
10. 2 5001 5 
10.249719 


10. 249424 
to. 249128 


10.058531 
10,058602 
10.058672 
10.058742 
o. 58813 
10.058883 
10.0589 54 
10.0 59024 
to. c 5909 


10.0916 
10. o 59237 
10,0593 
10.05937 
10.059443 
10 059520 


10.314429 
10.314 201 
10.313973 
10.313746 
10.313518 
10.313291 
10.313604 
10.312837 
10. 312610 
10. 312384 
10.312157 
10.311931 
10. 311705 
10.311479 
10. 3112 63 
10. 31 10235 
10. 310802 
10. 310577 
10.310352 
10.310127 


RPA + I 
10.059 2 
10.059733 


10.059875 


10. 309902 
10. 309077 
10. 309452 
10. 309228 
10. 309004 


10.248833 
10.248538 
ee 
10. 24794 

10.247653 


10.2473 85 
10. 24705 
10.246769 
to. 246474 
10. 246180 


10.059946 
10.060018 


10. 06037 $ 


10.245885 
10.245591 
10.245297 
[0.245003 


10.244709 


10,0507 33 
10.0080 


ww 


10,244415 

10 244122 

10.243828 

10.243535 

10.243241 

10.242948 

10. 2426 385 

10.242362 
10.242865 
0.24177 


10.061020 
10.06 1092 
10.061164 
to.o5 1236 
10. cb i 309 


— [10.56 


10. 308779 
10. 308555 
10. 308332 
10 308108 
10. 307884 
10. 307661 
10. 307348 


10.060651 


10. 308436 
10. 305214 


10. 304993 


10. 304771 


10-304550 [16 


10.06138t, 
10,061453 
10,061 535 
10.06159 

20.061 70 


9.918258 
9.933185 
9.938173 
9.938040 
9-93 7907 
9.937895 
9.937822 
9.937749 
9-937679, 
9.937603 
9.937531 


2 70 


9.758517 
9.788810 
9.759102 
9-739395 
9-7 59087 


10. 241483 
10.241190 
10. 240896 
10.240505 
10.240313 


10.061960 
10.561033 


10.061742 
10.061825 
10.061 88 


— 


9.759975 
9.790272 
9-760554 
9-760856 
9.761148 


Sine | 


9.761439 
5 


10. 24001 
10.239728 
10.239436 
10.239144 
to. 2388 52 


8561 


10.052 105 


| 10. 2 


10. 3043 
10.3041 
10. 303887 
10. 303666 
[19-303446 
10.303225 


bo vw aunlow wo 7 A 8854 —_ 


L 1 Degrees. 


* 


E 


E E 


N 
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A Table of Artificial Si nes, Tangents, and Secants. 


30 


Degrees. 


31 Degrees. 


j 

[1 4 
N f 
N ; 
7 — 
{ N 
| 


Tang. 


9.93753! 


119.099 189 
29.699407 
39.599026 


412. 22844 


13 9.701802 


9.227488 
9.917385 
94937 312 
9.937238 
9937165 
9.977092 
9.937019 
9:930940 

72 


233] 9-930 


9.761731 
9.762223 


76 
2.262853 


9.761439 


10.238 561 
10.238269 
10.237977 
10. 237536 
10.232795 


| Secant 


10 062469 
10,062 543 
10.06201 
10,06268 
10,062761 


10. 301030 
10. 3008 11 
10. 300593 


10. 300374 
10.3001 56 


90762397 
9.763188. 
9.70 3479 
9763770 
9.764051 


10.237103 
10.236812 
10-230521 
10-236230 
10-235939 


10,0628 3 5 
10,06290 
10.062981 
10.06 30 5 
10.063 128 


10.2999 38 
10.299720 


10.299 502 
10.299234 
10. 299067 


9.930799 
9.935725 
9.936652 
9.936578 
9.936525 


15 [9.702236 


16 9.702452 


9-930 431 
9+935357 
9.936284 
9.936210 
9-936136 


27 9. 7c4825 


28 [9.705040 


9.936062 
9.935988 
9-935914 
9.935840 
9935766 
9.935692 
9.935618 
9-935543 
9.935469 
9.935395 


9-7 04.352 
9.764643 
9.764933 
9.765224 
9.7655'4 
9.768805 
9.7 5 
3 766385 
9.766075 
9.766965 
9.76725 5 
9.767545 
9.767834 
9.768124 
9.768413 
9.768703 
9.768992 
9.769281 
2.769875 
9.769860 


10.235648 
10.235357 
10.23 5067 
10.234776 
10.234486 


10.234195 
10.233905 
10.233615 
10.233325 
10.233035 


10.06 3201 
10.06 327 
10.063348 
10.06 3422 
10 063495 


10.298849 
10.2 98634 
10.298415 
10.298 = 
10.297981 


10.063 56 

0.06 We, 
10,063716 
10,003790 
10,053864 


10. 297764 
10.297548 
10.297331 
10.297115 
10.296899 


10.232745 
10. 23245 

1 
10.231876 
10.231586 


10.063938 
Mgr) x 
10.064086 
10,064 160 
10,0642 34 


10.296683 
10. 296467 
10.2962 51 
to. 296036 
10.295820 


10.231297 
10. 23 008 
10.230719 
10 230429 
10. 230140 


10.064 308 
10.064382 
10.0644 57 
10.064 531 
10, 5 5 


10.29 5505 
10. 29 5390 


10.295175 
10.294960 


10.294746 3t 


© 9.705469 
9.705683 


32 [9.705897 


9.935320 
9.935246 
9.935172 
9.935097 
9.935022 


9.83484“ 
9.93487 
9.93479 
9.934723 
9.934649 


9.934574 
9934499 
9-934424 
9931349 
9.934274 


9770148 
9.770437 
9.770726 
9-771015 
9.771393 


9.771 2 
9.772 168 
9772457 
9.772745 
9.773033 
94773321 
9.773 
22448. 
9.7741 


10.229851 
0. 229563 
10. 23 9274 
10. 22898 5 
10.228697 


10.064680 


to. o64754 
10.064828 


10.064903 
10.064978 


10.294531 
10. 294317 
10. 294102 
10.293888 


10. a9 3074 


10. 228408 
10.228 120 
10.227832 
10 227543 
10.227255 


10. ob 50 52 
10.065 127 


10. 06 5202 


10. ob 5276 
10.06 5351 


10. 29346 1 


10.293247 
10.293033 
10.292820 


10.292607 


10.226392 
10.226 104 
10.2288 16 


10.226900 
ye 


10.065426 
10.065 51 
10.06 5576 
10.06 5651 
10. 06 C725 


10 292393 
10.292181 
10.291963 
10.291755 


10. 29 1 542 | 15 


9.934199 
9 93412 
9.91404 
9933973 
9.933596 


9.774471 
9.774759 
9.775046 
9.775333 
9.775621 


10. 22 5529 
10 225241 


10.224954 
Wann 
10.224779 


10.065801 
10.c6 5877 
10.0659 52 
to 066027 
10 066102 


to. 291330 
10.291118 
10290906 
10290594 
10. 290482 


9.933822 
9-933747 


19.933671 


9 933596 


9.775908 
9.776 194 


2720575 $2:933520 $9:777955 


9. 933444 
9.933369 
9.933293 
—.— 
9-93314 
9- 933066 

Sine | 


9.778201 
9.778487 
9779774 


10.224092 
e, 


10.232351 
10.223131 
10.222940 


10.066178 


10.0662 83 
10.066 329 
10.0640 
10.066430 


10,290270 
10.290058 
10.289847 
10.289536 
10.289429 


10.222658 
10.222372 
10. 2208 5 
10.221799 
10.321511 
10.221226 


10. o6 6555 
10.056631 
10, 066707 
au eo 
10.0568 5 


Tang. 


10.0669 34 


10. 289214 
10. a 80003 
f. 
10,283 581 
10.288371 
10.288161 


Secant. 


Eouvuucunioes Sl 


Sine 


9.711839 
9.712049 
9.712260 
9.712469 
9-712679 
9.712889 
9.713095 
9.713308 
9713517 
9.713726 
9713935 
94714144 
94714352 
| 9-714.501 
9-714769 


9-932914 


9+933066 
9.932990 


9.93283 
9.932762 


Tang. 


9.778774 
9.779000 
9779346 
9.779632 
9.779918 


10.221226 
10. 220940 
10 220654 
10.220368 
10.220082 


Secant, 


10,066 934 
10,067010 
10,067086 
10,067 162 
10.067238 


10.288161 
10.2879 50 
10. 287740 
10.2875 30 
10.287321 


9.932685 
9.932609 
9.932 533 
9.932457 
22323 
9.932304 
9.932220 
9.932151 
9.932075 
9 931993 


9.714978 
9.715186 
9.715394 
„ 
9.215809 


9.93 1 
9.93184. 
9.931768 
9.931691 
9.931614 


9.780203 
9.780489 
9.780775 
9.731060 
9.78 1346 


10.219797 
10.219511 
10.219223 


10. 218940 
10. 2186 54 


10.067315 
10.067391 
10.057407 
10.057543 
10.067520 


10.287111 
10˙286902 
10.286692 
10.286483 
10.284274 


9.781631 
9.781916 
9.78220 
9.782486 
9.782771 
9.733050 
9.783845 
9.783025 
9.783910 
9.784195 


10.218369 
10.2 18034 
10.217799 
10.217514 
10.217229 
10.216944 
10. 216660 
10.216374 
10.216090 


10.215805 


10,057690 
10,067772 
10.067849 
10.067925 
10. 068 o 


10.06807g 
10,068155 
10.068232 
10. ob 8 300 
10.068 386 


10. 28606 5 50 


10. a8 5856 
10. 28 5648 
10.285439 
10. 28 5231 
10. 28 502 
10.28481 

8 
10.284398 
10.284191 


9.716017 
9.7 16224 
9.716432 
9.716639 
9.716346 


9.717053 
9.717259 
9.717466 
9.717672 
9.217879 
9.71808 5 
9.718291 
9.718497 
9.718703 
9.218909 


9931537 
9.93140 
9.93138 
9.93130 
9:931229 
9.931152 
9.93197 
9.93099 
9.930920 
9.230343 
. 0766 
3.335888 
9.930511 
9.930537 
9-9394 56 


9.784479 
9.784764 
8 
9.78533 

928561 6 
9.735900 
9.786184 
9.786468 
9.785752 
| 9.787036 


I0,215521 
10. 21 52 36 
10.214952 
2 
10.214384 


10. 214100 
10.213816 
10.213532 
10.213248 
10.212964 


10.068463 
10.068 Mo, 
10.068616 
10.068693 
10.068771 


10.068848 
10.0689 5 
ere 
10.0690 

10 0691 ft 


9.787319 
9.78760 
3 
9.788170 
9.788453 


1110.212681 


10.212397 
10.212114 
10. a1t8 30 
10.211547 


10.0692 34 
10.069312 
10.069389 


10.069467 


1 10.069 54 


9.719114 
9.719320 
9.719525 
9719730 
9+719935 
9.720140 
9.720345 
9720549 
9.72075 

2 2 
9.721162 
9.721366 
9.721570 


9.721774 


9.221978 
9.722181 
9.722385 
9.722588 
9.722791 
9222904 
9723197 
ee 

723603 
9.723805 
9.724007 
9.724210 


9.930378 
9.930300 
9.930223 
9.939145 
9930067 
9.929989 
9 11 
9.929833 
9.929755 


9+929677 | 


9-929599 
9 929521 
9.92 
9+9293 


9-929286| 


9929207 
9929129 
9 929050 
9928972 
9.928893 


9.788736 
9.789019 
9.789302 
3.785385 
9.282858 
9.790151 
979043 

979071 

9.799999 
9.791281 


9.791 56 

N 
9.792128 
9.79240 
9.79252 


10.211264 
to. 2 tog S8 1 
10. 2 10698 


19.210415 
10.210132 


10. 069622 
10 069700 
10.069777 
10.0698 5 
10.069933 


10.283983 
10.28 3776 
10.283568 
10.283361 
10.283 54 


10.282947 
10.282741 
10 2382534 
10.282327 
10. 28212 
10.281915 
10 281709 
10. 281503 
10.281297 
to 28 1091 


10. 280886 
10. 280680 


10. 28047 5 
10. 280270 
10. 28006 5 


10.209849 
to. 209 566 


10.209284 


10. a 1 
Lg 19 


o. 0911 
10.0% 09 
10.070167 
19 070245 
10.070323 


10,279860 | 20 


10.279655 
10.279451 
10.279246 
10.279042 


10. 208436 
10.208154 
10. 207872 
10.207590 
10. 20 308 


10.070401 
10.070479 
10.070558 
10.0706 36 
o. 70714 


10.278838 
to. 278634 
10.278430 
10.278226 
10.278022 


9.792974 
9.793256 
9.793938 
9.793819 
9.794101 


10.207026 
10.206744 
10. 206462 
10. 2051 80 
10. 205899 


10.070793 
10.070571 
to. oog 50 
10.07 1028 
10.05 1107 


10.277819 
10. 277615 
10.277412 
10.277209 
10.277006 


9.9288 14 
9.9287 36 
9.928657 
9.928578 


9.928499 


9.928420 


9.794383 
4+; 
9.794945 
9.795227 
9.795508 
9.795789 


Sine 


10.205617 
10.205336 
10.205054 
19.204773 
10. 204492 
10.2042 ˖ 1 


Tang. 


10.07118 

wy 0 wt. 
10,071343 
10.071422 
10.071 501 
10.071 579 


10.276397 


10. 270 S05 
10.276603 


10.276195 
10.275992 
10.275790 


Secant, *1 


_ Degrees. 4 


GP 15S 
vs 8 


58 Degrees. 


Elo M Bu + | ow ee 818 883448185 
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RO Bt a Rk er ccc 


Degrees. 


__ 32 Degrees. 33 Degrees. 
8 5 os 
= Sine Tang, Secant, Tang, Secant, | 
019-724210 [9.923420 9.795789 10. 2042 1110.071579 10. 275790 9.812517 10. 187483 10.076409 10.263897 60 
119.7244129 9283419796070 10. 203230 10.071658 [10.275588 9.812794 10. 187205 10.076491 10. 263697 59 
2 96724914 9.928262 [9.796351 ane! os 10,071737 10. 275386 9.813070 10. 185930 | 10.076573 | 10 263502 58 
31 9-72431619.928183 |g 796632 10.203308 10.071817 10.275184 9.813347 10. 186853 10,096655 10.263308 57 
4[9-725017 9.9281c4 [9.796913 | 10.203087] 10.071896 10.224983 9.813023 10.186377 | 10.076737 10. 263114 56 
19.723219 ee. 9.797194 10. 202806 10.071975 10. 274781 9.813899 10.186101 | 10.0768 19 10.262925 
2028325 9.92725 9.797474 [0.202525 10.072054 10.274580 9 814175 10. 185824 10.076902 10.262726 54 
7 9.725022 [9.927867 9.797755 0. 202245 10.072133 10.274378 9 814452] 10. 185548 10.076984 | 10.262532 53 
5 9.725823 9 9277879798030 10. 201964 10.072213 10.274177 9.814728 10. 18 5272 10.077067 | 10. 262339 52 
919.2250249 927704 9.795316 10. 201684] 10.072292 | 10.273976 9.815004 10. 184996 | 10.077149 10. 262145 51 
— 9.72622 9-927628 9.758895 10. 20140. 10.072371 106273775 9.815279] 10. 184720 10.077232 10.261952 50 
9.726420 [9.927549 9.798877 10. 201123 10.072651 10.273574 9.815855 10.184445 10.077314 10.261759 49 
9.726626 9 927469 9.799157 10. 200843 10.072 530 10.273374 9.818831 10. 184169 10.077397 10. 261566 48 
3 9.726827 [9.927390 | 9'7 99437 | 1942005031 fo. 072610 10.273773 9 816107] 10.183893 10.077479 10261373147 
9.727c27 [9.927310 9.292717]. 200 283 10.072690 | 10.272973 9.816382 | 10.183618 10.077562 10.261120ff 46 
18 19.727228 [9.927231 | 9.799997 | 10-200c03f 1.72209 10.272772 9.816658 10.183342 | 10 077645] 10.260987 45 
9.727428 [9.927151 | 9-800277] 19.1 99723] 10.072849 | 10.272572 9.316933 20282006 10.077728| 10.260794 44. 
9.727023 [9.927671 (9.800557 10. 199443 10.072929 | 10.272372 9.817209 10.182791 | 10.077811 10.260602 43 
9.727828 9.92699 9.8008 36 10. 199163 10.073009 | 10.272172 9.817484 10. 182516 10.077894 10. 260410 42 
9-728027 [9.926911 [9-8011 16] 10. 198884 | 0.073089 19.221922 9.317739 10.182240 | 10.077977 | 10.2602 17 41 
209728227 [9.926331 9.301396] 10. 198004 10.073169 10.271773 9.818035 10. 181965 | 10.078060] 10. 26002 51 40 
9.728427 9 92675 19.801075 10. 198325 10.073249 10.271573 9.818310 10. 18 1690 10.078143 10. 259833 39 
9.728626 9.926671 9.801955 10. 198045 10.073329 | 10,271 374 9.818585 10.181415 10 078226 10. 25964. 38 
9.728825 9.926 5919.802234 | 10-1977 66] 10. 03409 10.271173 9.818860 10. 18114010. 078 309 10.259449 37 
9.729024 9.926511 9.802513 10 19748710. 073489 10.275975 9.819135] 10.180865 10.078393 10.2 59258 36 
2c 9.729223 9.926431] 9.802792 10. 19720 10.073569 | 10.270777 9.819410 10. 180590 10.078470 10. 2590 66 35 
19.729422 [9 926351 9.803072 3 10.07 3649 10.270578 9.819584 10. 180316 10.0785 59 10.258875 34 
9 729621 9.926270 | 9.803351 10. 196649 10.0737 3010.270379 9.819959] 10. 180041 10 078643] 10.258684 33 
9-729820 [9.926190 | 9-863630]10.196370 10.073810 10.27018. 9.510234 10. 179766 10,078726] 10.258492] 32 
9.730018|9 926110 g 803908 10. 196091 10.073891 10.269982 9.81058 10. 179492 10.0788 10 10.258301 31 
9.7302 16 9.926029 | 9-804187 10. 195813 10.073971 10.269783 9.820783 10. 179217 10.078893 10.258110 30 
9.7304 15 [9.925949 | 9.804460 fr. 1955 34 10.074051 10. 269585 9.821057 f 0. 178943 | 10.078927 10.257920 29 
9.7306 139.9258679. 80474510. 195255 10.074132 to. 269387 9.321332] 10 173668 | 10.079061 10.257729 28 
9.730811 [9.925788 | 9. 805023 10. 194977 10.0742 12 10. 269189 9.821 10. 178394 10.079144] 10. 25753827 
9.731009 | 9 925707 | 9.805302 10. 194698 10.074293 10. 268991 9.821880 10 178120 10.079223 10.2 57248 26 
9.731206 9.925626 5 · 805580 10. 194420 10.074374 | io 268794 9.822154 10. 177845 10.079312 10.252158 25 
9.731404 9258585 9.805859 10.194141 10.074455 10.268 596 9.822429 10.177571 10.079396 10. a 56967 24 
9.731601 9.925465 9.806137 10. 165803 10.074535 [10.268358 9.822703 10. 177297 10.079480 10.256777 | 23 
9.931799 9.925384 9.306415] 10. 193585 10.074616 f 10.268201 9.822977 10. 177023 10.079564 10.256587 22 
9.731996 9.925303 9.806693 10. 193 307 | 10.054697 10 268004 9.823250] 10 176749 | 10.079648 J 10.2 56398 [21 
9.732193 9.925222 9. 80697110. 193C0a9 „ 10.267809 9.823524 10. 176470 10.0797 32 10.2 5520820 
9 732390 9.925 1419.807249 10 19275110. 0748 59 10.267601 9.823798 10. 176202 10.0798 16 10.256018 109 
9-732537 [9.925051 2.85755 10. 192473 [0.07490 10.267413 9.324072] 10. 175928 | 10.079901 10.255829 18 © 
9 732784 | 9.924979 9.807805 10. 192195 | 10.075021 | 10.267216 9.824345 10. 17555410 079985 10.255639 x7 - 
9.232980 9.924897 9.808053 [10.191917 $10 075103 10 267020 9.824519 10. 175381 10.080069 10.255520 16 
9.733177 [9.9248 169.808 361 10. 191639 10.075 184 10 206823 9.324893 10.175107 | 10.080154] 10.255261 [TF 
9.733373 9.924735 9.808638 10.191382 10.075265 | 10. 26662) A 10 174334 | 10.080238 — — 2 — | 
9 733569 | 9.924653] 980351610. 19108 410.0753410. 266431 9-325439| 10,174561 | 10.080322] 10.25483 34 13 
9.7337051|9.924572 | 9.809193 | 10.1908c7 10 075428] 10.265235 9.35783 10. 174287 10. 080407 10.254 12 
49 9235951 9-924491 9.809471] 10. 190529 10.073509 f 10. 266079 9.825986] 10.174014 | 10.080492 10-2545 11 
9-7 34157 9.924409 9.809748 10. 190252 [10.075591 10. 26 5843 [T 9.8262 59 10. 17371 10.080576 10.254317 [16 
9.734353 09.924328 [9 81002510. 189975 10.075672 10. 265647 9.826532 10 173468] 10.080561 20 254129 3 
9-734548 | 9.924246 | 9.810302] 10. 189597 IN 10. 26545 : 9.326805] 10.173195 | 10.080746 10.253940 28 
9-734744| 9.92416 [9.310580] 10. 189420 10. o 5836 f 10. 265255 7 9.827078 10 172922 | 10.080837 10.253752 4% 
54] 9-734939 9.924083] 9.810857 10.189143 10.075917 10 265061] 6 9-919084 9.827351 10. 172649 10. 08091510 253564] 6 
9.735134 9.924011 9.81113, 10. 182860 10.07 5994 10.264855 5 9.827624 10. 172376 10. 08 1000] 10.253376 % 
9.735330 9.923919 9.811410 10. 188 589 f 10.076080 f 10. 2645 : 9.824897 10.172103 10.08 1085 5 1 
9+73552519.923837 {9.311637 Fo. IVY 10. 056163 10. 26442513 9.828170 10.171830 10.08 170 10. 25300 3 
9.735719 9.923755 | 9-311964] 10. 18836 f 10,076245 [. 264286 2 9828442 | 10.171553 | 10.08 1255 10. 2328134 2 
9.735914 9.92367; 9.812241 0. 187759 10. 06327 10. 2640861 9.828715 1 192415 10.08 1341 alata I 
730109] 9.923591 9.812517 10. 18483 lf. 076409 | 10 264891 o 9.828987 [. 171013 10,081 426] 10.2 52438 © 
a Sine : T ang. Secant me | | ang. : Secant. Et; 
57 50 Degrees. 
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A Table of Artificial Sines, Tangents, and Secants, 


- 


- 


34 Degrees. 


PPP En ER, i a ̃ ̃ ß KA 3 
an TIO ; * , AS a; 22 2 * amg 
P "WW | N 2 en 
Nel R 

I 1 
5 7 
0 
* 
* 
1 
8 
= -£ 
* 
DP 


Sine, 


9.747502 
9747749 
9.747936 
9.748123 
9.748310 


9918574 
9.918489 
9.918404 
9.918318 
9.918233 


19.748497 


9.743683 
9.748870 
9.749056 
9.749242 


9.918147 
9. 918062 
9-917976 
9.917891 
9.917805 


| Tang. 


WEL | 
9.828987 
9.829260 
9.829 $32 
9.829805 
9230077 


| 


10.777073 


Secant. 


10.08 1426 
10.081511 
10.08 1596 
10.08 1682 
10.08 1767 


10.252439 
10.2 5225 1 


10.252064 
10.251877 


10.25 1690 


10. 169379 
10. 169107 
10. 16 $35 
10. 168 563 


10.08 18 52 
10.08 1938 
10.082024 
10. o8a 109 
10.082195 


10.251 503 
10.251317 
10.251130 
10.250944 


19.749429 


9.749615 
9.749801 
9.74998) 
9.750172 


9.917719 
9917034 
9.917548 
9.917462 
9.917376 


9.831709 
9.831981 
9.832253 
9.832525 
9.832796 


10.168291 
10.168019 


10.082281 
10.082366 
10.082452 
10 082538 


10.082024 


10. 2 595718 
10. 2 50385 
10.2 50199 
10. 25001 
10. 24982 


9.750358 
9.750543 
9.750729 
9.750914 
9.751099 


9.917290 
9.9772 
9.91711 
9.917032 
9-916945 


9.833068 
19.833359 
9.833611 
9.833882 
9.834154 


9.754284 
9-757409 
9.751954 
9.751838 
9.752023 


9.916859 
9-916773 
9.916687 
9.916500 
9.916514 


9.835509 


10.249042 
10.249457 
—_— 
to. 249086 
10. 24890 


10.2487 16 
10.248 53 
10.24834 


400 10.248161 


10.247977 


9.752207 
9752392 
9.752576 
9-7 52700 
$47 52944 
9.753128 


pos 
9. 
9.753362 


9.916427 
9916341 
9916254 
9.916167 
9.916080 


6.835780 
983051 
9.336322 
9.836593 
9.336864 


9-915994 


9.753312} 9-915907 


1 
9-915 
9.91564 


9.337134 
9-837405 
9.837675 
9.337946 
9.838216 


10. 161784 


10.247792 
10. 247424 


3159.247240 


10.247056 
0.246872 


10. 246688 
10.246505 


10. 246321 
10.246138 


19.754046 


9.754229 
9.754412 
9.75459 


39 9.75477 


9.915559 
9.915472 
9.915385 


9.338487 
19.838757 
19.839027 


9.915297 9.839297 


9.839 568 


10. 161513 
10161243 


10. 160702 


10. 16097 


10.245954 
10.245771 
10.245 588 
10.245405 
10. 245222 


9-7 55326 


9.7558 


- 


9.7562 


9.756781 


9.915133 
9.91503 
9.91494 


9.75538 1 9-914860 
9755690 $-914773 


9-9 1400s 


97 54 9-91459 

369.9145109. 
9.766418 9.914422 
9.286600 9.44424 


991424 
9.974758 
9.9140 


7326 9.913982 


991380 


9.913630 
9.913541 
9.913453 
9913364 


— — — 


19.839838 


9. 84008 
9.840378 
9.840647 
9.840917 
9.841187 


20:24 5240 
10.244857 
10.244674 
10.244492 


10.244310 
10. 244128 


10.24.3946 
10.243582 


10.247608 


10.24.3764 
10. 24340 


9.84304 
9.843343 
9.243612 


10. 15638 


9.843882 


991371349, $441 51 


9.844420 
9864639 
9.84495 


91845327 | 


10.186118 [1 


10.2428 56 


10.242674 
110.2424923 


10.242313 
10.242131 


110.2419 50 


10.24/70 
10.241589 


10.243278 
10.243037 


r0.24 1409 | 


10.250757 | 51 


— — w| ow o 


© 290 ae {> wh 40-50 o | 1a; 


35 Deerees. 


Tang. | 


| 


Secant, 


9.845227 
9.845496 
9.848555 
9.846033 
9.846302 


10.154773 
10. 154504 
10. 1542 36 
10.153907 
10. 153698 


10.086635 
10.086724 
3 2 
10. 08690 
12. 086 990 


9.346570 


10. 152356 


10. 153429 
10. 153101 
10. 152892 
10. 152624 


10.152087 
10. 151819 
10.151531 
10.151333 
10.151014 


10.087078 
10.087167 
10.0872 50 
10.087345 
10.087434 
10.087 523 
1.11 
8 
10.087790 
10.087879 


10. 24122 

10.241048 
10.240868 
10.240088 
— —— 
10. 240 508 
10.240328 
10.240148 
0.239969 


GE — 
10.241 


— 29289 


10.239610 
10.239431 
10. 2392 52 
10.239073 


10.238894 46 


110. 150% 
110. 150 l0 


to. 1 50746 


10, 149942 
10.149675 


10.087905 


8 io. 88058 


10. o88 147 
10.088237 
10.088 346 


10. 149407 
10.149139 
0.148871 
10. 148004 
10. 148330 


10.088416 
10,088 505 
10.088 595 
10.058884 
10.088774 


19.147534 
1180.147206 


10. 148069 


10. 147801 


19.145929 


10,08 886 4 
10.0889 54 
10. o8S goa 
10.089134 
10,08 9224 


10.23871 
10.238338 
10.238358 
10. 23879 
10.238001 


10.237822 49 


10.2376 
10.237406 
10.237288 
10.237111 


10.236933 
10.236755 
10. 236578 
10.236400 
10.236223 


10. 144329 


| 0.146732 
110.14046 


10. 14 560g 
] 0.145397 


10.136519 
10.145931 


10. 1451 30 
10. 1448 3 
10.144590, 


10,089314 
10.089404 
P 
10.089 68 
10.089675 
10.089765 
10.6896 56 
10.089946 
10.0900 3 
10,090127 


to. 144063 
10. 143796 
10.143529 
10.143263 
10, 242990 


10.090218 | 
10,090308 
10,090399 
e 
— we ok 


10. 23 
10.235869 
10. 235692 
10.235851 

10.2333 

10.235162 
10. 234985 
10.2 | 
8 


— 5s 


10.2 34280 
10.234104 
10.23392 

10.433753 


10.233527J5 


16 [9859932 
9.385793 


2861251 


10. 1427 30 
10. 142463 
10. 144197 
10. 141931 
10. 141 4 


9.860464 
9.8607 30 


9.86099 


10. 141398 
10. 14113 
10. 140886 
10. 140600 
10.140334 
10. 140068 
10. 13980 
10. 139536 
10.139270 
10. 139005 


10.090072 
882 
10,0908 54 
10.09094 
10,09103 
10.091127 


10. 091310 
10.091401 
10.091493 
79 59856 
10. 091 7 
10. 09 17067 
10. 51659 
19.091951 


10.091219 


10. 33401 
10.233126 


10.233051 
8 


10. a 3a 200 


10.232 52 5 
10.232351 
10.232176 
10. a 32001 
10.231826 


10.231652 
10.231478 
10.231 303 


10.231129 
10.230955 


Io my »wean|ou 000 


” 


10. 13 9 10-092042 9.2707 1 


—Bĩ 


ö Sine. 7 1 Secan at. . 
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36 Degrees. 


37 Degrees. 


Sine. 


9 799% 19 
9.709392 
9.769506 
9.709749 
3.769913 
9.770087 
9.770260 
9.77943 

9.77060 

9-772779 
9.770952 
9.771125 
9.771298 
9.771470 
9.72 1642 
9.771815 
9.771957 
9.772159 
9.77233 
9-772503 
9.77267 5 
9.772847 
9.773018 
9.773190 


„ee ee Ph oa A * 8; 
lo ww owl>w nr ol unn 


2419-77339 


9.773533 
9.773704 
9.773875 
19.774046 
2 
9.774388 
94774558 
9.774729 
9.774899 
34] 9-775070 


9-907955 
9.907806 
9907774 
9.907682 
9-907 599 


Tang. 


9.801201 
9.861527 
9.861792 
9.362058 
9.862323 


9.907458 
9.907406 
9.907 314 
9.907221 
9-907129 


9.862 589 
9.862854 
9.803119 
9.863385 
9.863650 


9907037 
9.906975 
9.9068 52 
9 505760 
9. 90666 


9.906111 
9.906018 
9.905925 
9. 905832 
9.993739 


9.803915 
9.864180 
9-864445 
9.864710 
9.864975 


10.138473 
10. 13820 
10.137942 
—.137677 
10.137411 
10.137146 
19,135 380 
10. 136615 
10. 136350 


10.7387 0 


Secant. 


10.092042 
10.092 134 
10.092226 
10.092318 
10 092410 


10 230781 
10. 230607 
10. 230434 
10. 2 30260 
10. 2 30087 


10.092 50 
10.092594 
10.092680 
10.092778 
10.092871 


10. 13008 5 
10. 13 5820 
10.135555 
10. 135289 
0.135024 


10.092903 
10.039305 
10. 09314 
10.093240 
10.093323 


20.229913 
10.229740 
10 229567 
0. 229394 
10. 229220 
10,229048 
10.228875 
10. 228702 
10. 228 520 
10. 228357 


9.805240 


9.865505 
9.865770 
9.866035 
9.8663co 


10, 34760 
10.134495 
10.1 34230 
10.133905 
10. 133700 


9.866564 
9.866829 
9.86709. 
9.867358 
9.867023 


10.133430 
10.133171 
10. 132906 
10. 132642 
10.132377 


10.093425 
10.093518 
10.093611 
10.09 3704 
10 093796 
10. og 3889 
0. 09 3982 
10.094075 
10.094167 
10.004261 


10.228185 
10 228013 
10.227841 
10.227669 
10 227497 
10. 227325 
10.227153 
10.226981 
10.2268 10 
10. 2265 39 


9.90564 5 
9.905552 
9.905459 
9.995366 
9.905272 
9.905179 
9.90508 5 
9.901992 
9.904899 
9.904804 


9.867887 


9.868152 


9.868416 
9.858680 
9.868945 
9.869209 
9869473 
9.869737 
9.870001 
9.870265 


10.132113 
10. 131848 
10.131584 
10. 131320 
to. 131055 
10 130791 
10. 130527 
10. 130263 


10. 129999 
10. 129705 


10.094355 
10. 094448 
10.094541 
0. 94728 
10.094821 
10. 09491 


10. og co 
10. o9 5 102 


19. 95196 


10.226467 
10.225290 
10.226125 
10. 22 5954 
10.225783 
10.225612 
10.225442 
10.225271 
10.22 510 
10. 2249 30 


9.775240 
9.775410 
9.775580 
9.775750 
9.775920 


9.904711 
9.904617 
9.904523 
9.904429 
9.804335 


19.7769 
9.776259 
9.776429 
9.776598 
9.226708 


9.904241 
9.904147 
9.904053 
9.903959 
9.903864 


19.7769 37 
9.777106 
155 
222971 
9.777781 
9.777950 
9.778119 
9.773237 
82.228455 
9.778623 
9.773792 
9.7789 
9.779128 
3.778393 
9.779463 


9.903770 
9.903676 
9.903581 
9.903487 
9:903392 
9 903298 
9.903203 
9-903 108 
9.903014 
9.992919 


9.870529 
9.870793 
9.871057 
9.871321 
9.821585 
9.871849 
9.872112 
9.872379 
9.872640 
9.872903 
9.873167 
9.873430 
9.8730 94 
9.873957 
9 $74220 


10. 129471 
10. 129207 
10. 128943 
10. 128679 
10.128415 


10. 128151 
10. 127888 
10. 127624 
10. 127360 
10. 127097 


10. 126832 
10. 126 570 
10. 126306 
10.120042 
10 125780 


10.095289 
10.095383 
10.095477 


10.095 571 
10. og 56 5 


10.095759 
10.095853 
10.095947 
10,096 <4 1 
10.0951 36 
10,0962 30 
10,090324 
10.096419 


096 
10,096008 


10.224760 
10. 224590 
10. 224420 
10.2242 50 
10.224080 


10. 2239 0 
10.223741 
10.223571 
10.223402 
10 223232 
10.22 3063 
10.222894 
10.222725 
10.222556 


9.374434 
9374747 
9.8750¹⁰ 
9.87527 
9.87553 


9.902824 
9.902729 
9.902534 
9.902539 
9.902444 
9.902342 


* mn 


r 


_. Sine 


— 


87580 
9.87 063 
9.876326 
9.876589 
9.876851 
9.877114 


10. 125516 
10. 125253 
10. 124990 
10. 124727 
10. 124463 
10. 124 200 
10. 123674 
10. 12340 1 
10.123148 
10. 122886 


Tang. 


10.296703 
10.096797 
e 
10.096986 
10.6 9708 


10.097 176 
10.097271 
10.097366 
10.097461 
[10.097 $ 56 
10.097651 


10.222218 


10. 221881 
10.221713 
10.221 646 


10. 22 1040 
10.220872 
10.220705 


10.222187 


10. z zaza050 


10.221376 
10.221208 


| 10.220517 
Secant. 
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Sine 


Tang, 


Secant, 


9.779403 
9.779031 
5.779798 
9.779965 
9.780133 


9.902349 
9.902253 
9 902 58 
9.902003 
9 991967 


9.877114 
9-877 377 
9.877 4c 
9.877903 
9.878165 


10. 122886 
10. 122623 
10. 122360 
10. 122097 
10.121835 


10.097651 
10.097747 
10.097842 
10.097957 
10.098033 


10.220537 


10. 220202 
10. 220034 
10.219857 


9.780 300 
9780407 
9.780634 
9.780801 
9.730968 


9.901872 
9.901776 
9 901681 
9.901585 
9.901489 


9.878428 
9.878991 
9.878953 
9.879216 
9.8794 


9.787134 
9.781381 
9.781467 
9.781634 
9.781800 
9.781956 
9.782132 
9.782298 
9.782404 


19 9.7826 30 


9901394 
9.901298 
9.901202 
9.901 106 
9.921010 


9 $79741 
9.8 Sogo3 
9 20 
9.8805: 

9.880790 


9.900914 
9. 900818 
9.900721 
9.900626 
9.900529 


9.88102 
9.881314 
9.831576 
9.837839 
9.882 101 


10. 121572 
10. 121309 
10. 121047 
10. 120784 
10. 12052 


10. 1202 59 
10. 119997 
10.119735 
10. 119472 
to. 119210 
10, 11894 
10. 118080 
10. 118423 
10. 118101 
to. 117899 


9.732796 
9.782903 
9.783127 
9.783292 
9.783457 


9.78362 

3.583788 
9.783953 
9.7841 18 


2219.284282 


9.784447 
9.784612 
9.784776 
9.784941 


3419285105 


9.786742 


9.786905 
9.787069 
9.787232 


4819.787395 


49 | 9:787557 


9.900433 
9.900337 
9.9002 40 


— 
9.599951 
9 8998 54 
9 899757 
9.899660 


9.899564 


9.900 1448. 


9.882353 


10. 117037 
10.117373 
10.117173 
0. 1168 527 
10. 11659 


10.098 128 
10.098224 
10.098319 
10.098415 
10. 98 10 
10. og 80 
to 098702 
10.098798 
Ic'0g" 894 
10.098990 
10. 099086 
10 095132 
10.099278 
10.059 374 
10. 997 
to 507 
e e 
10.099760 
10. ogg 565 
10 09995 


10.116328 
10. 11060 6 
10. 115804 
10.115543 
10 115281 


Io. 10004. 
10. 10014 
10. 1002 43 
10. 1c 034 
o. 1004 36 


9.899407 
9.89937 
9.39773 
9.89917 

9.899078 
9.898981 
9398884 
9.898787 
9.898689 
9.898 592 


10. 115019 
10. 114758 
10. 114496 
10 114235 
10. 113974 
10.113712 
noe 
10. 113489 
10. 112928 
10. 112667 


9.898494 
9.898397 
9.595299 
9 898201 
9.898 104 


9.587594 
9.888116 
9.888377 


9.8885 39 


10. 112400 
ee 
10. 11188 
10. 11 1622 
10. 11136 


9. 898000 
9 89790 
9.897 10 
9.897712 
92892514 


9.787720 
9.782883 
9.783045 
9.788208 


54 | 9-788370 


9.788532 
9.788594 
9.788850 
9.789018 
9.789180 
9.289342 


9.897516 
9.897418 
9.897320 
9.897222 
9.897123 
9.897025 
9.895926 
9.896828 
9.895729 
9.396631 
9.896532 


Sine. 


9. 888900 
9.889 160 
9.889421 
9.889682 


9.889943 


10. 111100 
10. 110839 
10. 110579 
10. 110318 
10. 1100 57 


9.8902c4 
9.890465 
9+$90725 
9 890986 
9.891247 


10. 109790 
10.1 095 3 8 
10. 109275 
10. 109014 
10. 1087 53 


9.891507 
9.891768 
9.892028 
9.892289 
9.892849 
9.892810 


10. 108493 


10. 108232 


10. 107071 
10. 107711 


10 10743 
10. 107190 


Ta g. 


10. 100533 
10. 100630 
10. 100727 
10. 100 2. 
10. 10022 


10. 101019 
10. 101110 
10. 101213 
10. 101311 
10. 101408 


10. 101 5c 6 


10. 101603 
10. 101700 
10. 101798 
10. 101896 


10. 101994 
10. 102092 
10. 102190 
10. 102288 
10. 102 380 


10. 102484 
10. 102 582 
10, 1020680 
10* 10277 
10, 102877 


0. 102975 


10. 103073 
10. 103172 
10. 1032717 
10. 103369 
10. 1034 68 


10. 21970 

10.219533 
10. 21936 

10.219199 
10.219022 
10.218866 
10.218699 
10.2185 32 
10.218350 
10.218 190 
10. 21803 

10.217865 
10.217702 
10.217536 
10.217 370 
10.2172C4 
10 217035 
10.21687 

10 21678 
10. 216542 


2 


0.216212 
0.216047 
10.215882 
10.215718 


19.215553 
10. 2 5380 
10.215224 
10.215059 
10. 21489 5 


10.214731 
10.214567 
10.214403 
10.214239 
10.214075 
10.213917 
10.213748 
10.213583 
10.213420 
10. 213258 


— — 
10.212931 


10. 2 12768 
10.212505 
10. 2 12443 
10. 212230 
10.212117 
| 19.2 11 955 
10.211792 
to. z 11630 


to. 211467 


10.21 1305 


10. 210.82 
10. 210820 
10 210658 


| Secaut 


10.220369 


| lon ww lese 
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A Table of Artificial Sines, Tangents, and Secants. 


* 


Degrees. 


39 Degrees. | 


＋ A d 2 8 be 6953 own | v3 on o| wi 


1 


Sine 


9.789342 
9.789504 
9.789665 
9.789827 
9.789988 
9790149 
9.790310 
9.790471 
9.790632 


19:792793 


| 


Tang. 


Secant 


9.890532 
9.896433 
9.896335 
9.8902 30 
9.896 137 
9.896038 
9.395939 
9.895840 
9:3895741 
9.395641 


9.893070 
9.893331 
9.893491 
9.8938 51 
9.894111 
9.894371 
9.894632 
9.894892 
9.895152 


9.892870 


To.1 ©7190 
10. 1069 30 
10. 106669 


10. 106409 
10. 106 7149 


10. 1058 89 
10. 105628 
10. 105 368 
10. 105108 
10. 104848 


10. 103468 
10. 103567 
10. 103665 
10. 103764 
10. 103863 


10. 240658 
10.210496 
10.210335 
10.210173 
10. 2 10012 


10. 103962 
10. 104061 
10. 104160 
10. 104259 
10. 104359 


10.2098 51 
10 209690 
10· 209528 


10. 2093679 


10.209207 


3790954 
9.791115 
9.791275 
9.791436 
9291596 


9.395 542 
9895443 
9.895343 
9.895244 
9895144 


9.895412 
9-395 72 
9.395932 
9.896192 
9.896452 


10. 104588 
10. 104328 
10. 104068 
10. 103808 
10 103548 


10. 104458 
10. 104557 
10. 104656 
10. 104756 
10. 1048 5 5 


9.794757 
9.791917 
9.792077 
9•792237 
9722397 
9.792557 
9.792716 
9.792876 
9 793935 
9.793195 
9.793354 
9793513 
9.793073 
9.793832 
9.793991 
9.79415 
9.794308 
9.794467 


9.794626 


9.79484 
9.794942 
9.795101 
9.795259 
9.795417 
9.795575 


9.895045 
9.894945 
9.894849 
9.894746 
9.82449 


9.896712 
9.896971 
9.8972 31 
9.897491 
9.897751 


10.103288 
10.103029 
10. 102769 
10. 02 509 
10. 102249 


10. 104955 
10. 10505 5 


10.105154 
10. 105254 
10.105354 


9.89454 
9.894446 
9.894346 
9.894246 
9.894146 
9.894055 
9.293946 
POE 
9.89374 
9.393645 
9.893544 
9.393444 
9.893343 
9.593243 
9.893142 
9.893041 
9.892940 
9.892339 
9.892738 
9.892637 


9.398010 
9.898270 
9.898530 
9.898789 
9.899049 
9.399308 
9.899868 


10. 101990 
10. 101730 
10. 101470 
10.101211 
10. 100951 


10.105454 
[0.105554 
10. 105654 


10. 105754 
10. 105854 


10. 209046 
10.208885 
10.2087 5 
10. 208 564 


10. 208404 


10. 208243 
10. 208083 
10.207923 
10.207763 
10 207603 


10. 207443 
10.207284 
10.207124 
0. 206964 
10. 20580 5 


10. 100692 
10. 100432 
10. 100173 
10.099913 
10.099654 
es 
10.09 913 

10.09887 

10.098617 
10.098358 


10. og ogg 
10.097840 
10. 97580 
10.097 321 
10.097062 


10.105954 
10.106054 
10.105154 
10. 1062 55 
10. 106355 


10. 106456 
10. 1065 56 
10. 106657 
10. 105858 


10, 1069 59 
10. 107060 
40, 107160 
10. 107261 
10. 107362 


10. 206646 
10. 206486 
10. 206 327 
10 206168 
10. 20509 9 
10. 2058 50 
10. 205692 
10.205 533 


10. 205 374 
10. 205216 


10. a04899 
10.204741 


10.204 583 
10.204425 


9.795733 
9.795891 
9.799049 
9 796206 
9-796364 


9. 892536 
9.892435 
9.892335 
9 892233 
9.892132 


9.79552 
9.796679 
9.796836 
9.796993 
94797150 


9.892030 
9.89 1929 
9.891827 
9.891726 
9.891624 


9.797307 
9.797464 
9-797 024 


9.891 523 
9.891421 
9.891319 
9 891217 


9.891115 


9— 
9.890911 
3.89539 
9.890707 
9.890605 
9.890803 


9.903197 
9.903455 
9.903714 
9 903973 
9.994232 
9.904491 
9.904750 
9.905008 
9.905267 
9.905526 
9-905784 
9.990043 
9.906302 
2856875 
2 
9.907077 
94907339 
9.907 
3.388177 
CO 
9908359 


. Sige 


| 


10.096303 
10.096 544 
10 096286 
10.096028 
10.095768 
10.095 $09 
10.09525- 
10,094922 
10.094733 
1.994424 


10. 107463 
10. 107555 
10. 10766 6 
10. 107767 
to. 107868 


10. 204267 
to. aoꝗ log 
10. 2039 51 
10.203794 
10. 203636 


10. 107970 
10. 108071 
10˙108173 
10˙108274 
10.083706 


10.203479 
10.203321 
10. 203164 
10. 203009 
to. 2028 50 


10.094215 
0.09325) 
10. og 369 
10.093440 
10.093181 


10. 108477 
10. 108580 
10. 108681 
10. 108783 
10. 108885 


10. 202692 
10. 202736 
10. 202 379 
to. za02222 
10. 202065 


10.092923 
10.094266 
wot 
I 
10.091889 
10.09 1631 


10. 10898 
10. 109089 
10. 109191 
10.109293 
10.109395 
10. 109407 


10.201284 
10.201128 


Tang. : 


Secant. 


JC Fo 


9.799962 
19.800117 


9. 800892 


39 | 9.804886 


9.80646 


9.807011 


Sine. 


9.798872 
9.799028 
9.799184 
9.799 339 
9.299495 
9.799651 
9.799806 


9 800272 


Tang. 


9.890503 
9.890400 
9.890298 
9890195 
9.890093 
9.889990 
9.889888 
9.839785 
9.889682 
9.389579 


9.908369 
9.908627 
9. 908886 
9.909144 
9-909402 


10.091931 
10,091372 


10.091114 
10.0908 56 


10 90598 


Secant. 


10. 109497 
10. 109600 


10. 109702 
10. 109805 
10. 109 907 


9.909660 
9-909918 
9.910177 
9.9 10 35 
9-910093 


10.090340 
10,09008 
10 089823 
10.089565 
10.089 307 


IO, 110010 
10110112 
10. 110215 
10. 11031 8 
10. 11042 


10.207128 
10. 200972 
10 2003816 
10. 200661 
10. 200 505 


10. 200349 
10. 200194 
10. 200038 


10. 199883 
10. 199728 


9. 800427 
9.800582 | 
9.800737 


9.801047 
9.801201 
9.801356 
9.801511 
9.801665 
9.801819 
801973 
© $02 128 
9. 802282 
9.802435 
9.802589 
8027 
8848 
9.803050 
9.803204 
9.803382 


9.839476 
9.889374 
9.889271 
9 889167 
9.839064 


9.910951 
9.911209 
9.911467 
9.911724 
9 911982 


10.089049 
10.088791 
10.088533 
10.088275 
10.088018 


10.110523 
10. 110626 
10.110729 
10. 110832 
10. 1109 36 


1.19957 
10. 19941 
10.199262 
10. 199038 
10. 198953 


9.888133 
9.888030 
9.837926 
9.887822 
9.887718 
9.357614 
9.887510 


9.803510 
9. 803664 
9.8038 17 
9.303970 
9-804 123 


. 
9.387302 
9 oi 
9.557093 
9.886989 


ee 
9.80442 

9.804581 
9.804734 


9 80 5038 
9.825191 
9 805343 
9.805495 
9.805047 
9.305793 


9.805951 
9. 806 103 
9.806254 


9.806557 
9. 806709 
9.806 860 


9.807163 


9.386885 
9.380780 
9.886576 
9.886 571 
9.886466 


9.912240 
9.912498 


19.912756 


9.915014 
9-91 3278 


44 [9-913529 


9.913787 
9. 914044 
9.914302 
9-914560 
9.914817 
9915075 
9.915332 
9.915590 
9.915847 
9.915104 
9.916352 
9.916019 
9.916876 
9-917134 
9+917391 
9.917648 
9.912905 
9.918163 
9.918420 


10.05 7760 
10.087 50 
10.087244 
10 086986 
10.086729 
10.086471 
10.080621 

10.0359 - 
10. od 50 98 
10. o8 8440 


10. 111039 
10.111142 
10. 111245 


10.111349 
10. 111452 


10. 198798 
10.198644 
10. 198489 
10. 198335 
10. 108181 


10. 111556 
10, 111659 
10. 111763 
10. 111866 
10. 111970 


10. 198020 
10. 197872 
10.197718 


10.197 564 
10.197411 


10.085183 
10.084925 


10 084068 


10.0844 10 
10.084153 


10.112074 
10.112178 
10. 112282 
10. 112386 


10. 112490 


10. 1972 57 
10. 197103 
10. 196950 
10. 196796 
10. 196643 


10. 0K 389 5 
10.083638 
10. 08 3381 
10.083123 
70.082866 


10, 82609 
10 082352 
10.08 2095 
10.031837 
10.08 f 5 


10.112594 
10 112698 
10. 112802 
10. 112907 
10 113011 
10.113115 
10. 113220 
10.113324 
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10.113534 


10. 19648) 
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10. 195877 
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10. 195266 
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9.886047 


9.385942 


9.385311 
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9.835100 
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10. 193746 
—. 92324 
10.193442 
10.193291 
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9525711 
9 825651 
y. 825791 
9.825931 
9.826071 
9.820221 
9.826351 
g 826491 
9.826631 
9 826770 
9.820910 
9-$27049 
9.827189 
9 827328 
9.827467 


9. Soto 
9. 270846 
9.870732 
9.870618 
9.870504 
9.870390 
9.870276 
9.870161 
v. 870047 
9.365933 
9.859818 
9.869704 
9.869589 
9.869474 


9.827606 
9.327335 
9.827884 
9.328023 
9.828162 


3.869 360 
9 869245 
9.869130 
9.86901 5 
9.869900 


9.87167309-95 
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9.950215 
9.950469 
228922 
9.956977 
9957231 
9.957485 
9.957739 
9957993 
9.958246 
9.958500 
9.958754 
9.959008 
9.959262 


9.828301 
Rd 
9.32557 

9 828716 
9.828855 


9.828993 
9 $29131 
9.329269 
9.829407 
9 329545 
9.829683 
9.829821 
9.829959 
9.830097 
9.830234 
9.830372 
9.830509 
9.830640 
9 830754 
9.530921 
9.831058 
9.831195 
9.831332 
9.831469 
9.831606 
9 831742 
9.831879 
9.832015 
9.832152 
9.832288 
9.332425 
9.332561 
9.832097 
9.832833 


9.868785 
9.368570 
9.868 555 
9.868440 
9.868324 
9.868209 
9.868093 
9 307978 
9.367862 
9 857747 


9.357631 
9.35755 5 
9-867 399 
9. 367283 
9.867167 


9-959515 
9 939779 
9.960023 
9.960277 
9.960530 
9.960784 
9.951038 
9.961291 
9.961545 
9.961799 


10.045563 
10.045308 
10.045054 
10.044800 
10. C44 540 
10.04.4292 
10.044038 
10.043785 
10 043531 
10.c43277 


10. 128926 
10. 129040 
10.129154 
10. 129268 
10. 129382 


10. 129496 
10. 129010 
10.129724 
10.129839 
10. 129053 


10. 043023 
10.042769 
10.042515 
10.042261 
10,042007 


10,1 30067 
10. 130182 
10. 130296 
10. 130411 
10. 130526 


10.041753 
10,041500 
10,041 246 
10.040992 
10.0407 38 


10. 130640 
10. 130755 
10. 130870 
10. 130985 
10. 131100 


10.040484 
10. 04ů 23 
10.039977 
10.039723 
10.039470 


10.131215 
10. 131330 
10. 131445 
10. 131560 
10. 131676 


10.039216 


10.038708 


10.038455 
10.038201 


10.038962 


10.131791 


10.131907 
10. 132022 
10. 132138 
10. 1322 53 


9.962052 
9.962306 
9.962 560 
9.962813 
9.203007 


10.037947 
10.037694 
10.037440 
10.037187 
10.036933 


10.132369 
10. 13248 5 
10. 132601 
10.132717 
10. 132833 


9.867051 
9.866935 
9.8668 19 
9.866703 
9.866587 
9.866470 
9.8663 53 
9.866237 
9.866120 
9 866004 
9.865887 
9.865770 
y 265653 
9 $6553 

9.865419 
86 5 302 
9.86515 

9.365068 
9.8649 50 
9864823 


9.864716 
i 
9.864481 
9.864363 
9.554245 
9-864 127 
Sine. 


N 
9-95 3574 
9.963827 
9.964081 
9.964335 
9.964 588 
9.36684 
9.96 5095 
9.965349 
9.965002 


10.036680 
10.036426 
10.036172 
10.035919 
10.03 5665 


1813949 
10. 133065 
10. 133181 
10.133297 
10. 133414 


10.035412 
10.035 158 
10.031905 
10.034051 
10.034399 


10. 133 530 
10.133647 
10. 133763 
10. 133880 


10.133997 


10. 174489 
19.174349 
10. 74209 
10.174069 
10. 173928 


10.173789 
10. 173649 
10.173509 
10. 173370 
10.173230 


10. 173090 
10. 172951 
8 7 


10. 172672 
10.172533} 46 


10.172394 
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10 171838 


10.171099 
10.171501 
10. 171422 
10. 171284 
10. 171145 
10. 171007 
10. 170869 
10. 170731 
10. 170592 
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10.170319 
10. 170179 
10. 170041 
10. 169963 
10. 169766 
10. 169628 
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10. 169354 
10. 169216 


10.169079 21 


10. 168942 
10. 168805 


10. 168668 
10.168533 
10. 168 394 


9-965855 
9.966109 
9.966302 
9.966616 
9.966869 


9 967122 


5 
9.9 0 
9.96728 

9.968 73 

9.958359 
9.908043 
9.953897 
9.509150 
9.969403 
9259880 


10.034144 
10.033891 
10.033638 
10.233384 
10.033131 


10.134113 
10. 134230 
10.134347 


10. 134464 
10. 134581 


10. 1682 57 
10. 168121 
10. 167984 
10. 167848 
to. 167712 


10.032877 
10.032624 
10.032371 
10.032 118 


10. 031864 
10.031611 
10.031357 
10.031104 
10.030851 
to. o 3059 
10.030344 


10. 134698 
10.134815 
10. 134932 
10. 13 5050 
10. 135167 


10. 167575 
10.167439 
10. 167 304 
10. 167167 
10. 107031 


10. 135284 
10.135402 
10. 135519 
10. 135637 
19.155755 


10. 166895 
10. 1667 59 
10. 166623 
10. 1664 88 
10. 166352 
10. 166217 


＋ R- 


10. 135872 


Secant. 


10 


Elo — | O14. ce0 


rs 8 San 1+. 8 — o *UIN 


10 


Sine 


Tan . 


Secant, 


9.833783 
9.833919 
9.334054 
9.834189 
9 834325 
9.834460 
9.534595 
9.8347 3⁰ 
9.834855 
9834999 
9.835734 
9.835269 
9.835423 
9.835538 
9.835672 
9 835827 
9.835941 
9.836075 
9.836209 
9 836343 


9.864127 
9. 864010 
9.863892 
9.863774 
9.853538 


9+50 3419 


9.863301 
9.863183 
9.863054 


9.862945 


9.862827 
9.862709 
9.802 590 
9.862471 
9.862353 
9.862234 
9.862115 
9.86 I 990 
9.861877 


9.959059 
9.969909 
9.970162 
9.970416 
9.970669 
9.970922 
9.971175 
9.971429 
9.971682 
9:971935 
9-972188 
9.972441 
9.972694 
9.972948 
9 973201 


10.030091 
10.029838 
10.029584 
10.029331 


10.029078 
10.028 (25 
10.028 57 
10.028318 
10. 028065 


10.135872 
10. 135990 
10. 136108 
10. 136226 


10.135344 


10.136402 
10. 136581 
10. 130699 
10.136817 
10. 1369 36 


10.027812 
10.0275 59 
10.027305 
10.c270 52 


10. 026799 


9.973454 
9 973707 
9973960 
9.974213 
9.974466 


10. 020540 
10.026293 
t0.026040 
10.025787 
19.025534 


10.137054 
19.137173 
10 137291 
10.137410 
10. 137629 
10. 137647 
10. 137766 
10. 137885 
10. 138004 
10.138123 


9-836477 
9.836611 
9-836745 
9.836878 


9.837140 
9.837379 
9.537412 
9.837 546 
9 837079 


9:337012 


9.861758 
9.367638 
9.861519 
9.861400 
9.861280 
9.861161 
9.861041 
9.860921 
9. 860802 
9.860682 


9.837312 
9537945 
9 838078 
9.838211 
9838344 


9.800 562 
9.860442 
9.860322 
9.860202 
9.860082 


9.838477 
9.838742 
9.838875 
9.839007 
9.839140 
9.839272 
9-8$33404 
9.839536 
9.839608 
9.839800 
9.539932 
9.840004 
9.840196 
9.840328 
9 840460 
9.840591 
9.840722 


| 


9.859962 
9.859842 
9.859721 
9.85900 
9.85940 
9.859360 
9.859239 
9.859119, 
9.858998 
9.858877 
9.8587 56/ 
9.853635 
9-353514 
9.858393 
2858272 
9.858150 
9.858020 
9.8579 8 
9.857786 
9.857655 
9.857543 
9.85742 
9.357300 
9.857178 
9.857056 


9:356934 


9.974719 
9.974973 
9.975720 
9.975479 
9.975732 
9.97 228 
997023 

9.976491 
9.976744 
9.976597 
9 977250 
9.977503 
9.977756 
9.973009 
9.978262 
9.97851 

0.278268 
9.979021 
9.979274 
9.979 527 


10.02 5280 
10. oa 5027 
10.024774 
10.024521 
10 024268 


10.024015 
10.023702 
10-923509 
10.023256 
10.02300J 


10.138242 
10. 138362 
10. 138481 
10. 138600 
10. 138720 
10. 138539 
10. 1389 59 
10. 139078 
10. 139198 
10.139318 


10.022750 
10.022497 
10.022244 
10.021991 
10.02 1738 
10.021485 
10.021232 
10 020979 
10 020736 
10.020473 


10.139438 
10.139558 
10. 139078 
10. 139798 
10.139918 
10. 140038 
10. 140158 
10. 140279 
10. 140399 
10. 140520 


9.28950 
9.980033 
3.980238 
9980538 
9 980791 
9.981044 
9.981297 
9.981550 
9.981803 
9.982050 
9.982309 
9.982502 
9.982814 
9.983097 
228332 
9+98 3573 
9.983826 
9.584079 
9.984331 
9.53485 
9.984837 


— — — 


10. 20220 
10.019967 
10.019714 
10.019461 
10. oi ao 


10. 140040 
10. 140701 
10. 140881 
10. 141002 
10 141123 


10.018956 
10.018703 
10.01 84 50 
10.018197 


10.017944 


10.017091 
10.017438 
10.017185 


10.016933 


10.016680 


10. 141244 
10. 141305 
10. 141480 
10. 141607 


10.141849 
10.141971 
10. 142092 
10. 142214 
10. 142335 


10.164193 


10. 162854 


10.141728 


— — 
10,1662 17 
10. 16608 1 
10.165946 
10. 165811 
10. 165675 


10 165 540 
10. 165405 
10. 105270 
10.165135 
10. 10 5001 
10. 164866 
10.164731 
10. 164597 
10. 164402 
10.164228 


10. 164059 
10. 163925 
10. 153791 
10. 163657 


10.163523 
10. 103389 
10. 1632 55 
10. 163122 
10. 162988 


10. 162721 
10. 162587 
10. 162454 
10. 162321 


10. 162185 
10. 162055 
10. 161922 
10. 161789 
10. 1616 56 


10.161523 
10 161390 
10. 161258 
10. 161125 
10. 160993 


10. 160860 
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9.984337 
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9.985348 
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Some eminent geometricians have endeavoured to find the.form of a. 
ſolid which may beſt anſwer all theſe qualities, and meet with the leaſt 
reſiſtance in dividing the fluid through which it is to paſs ; but have not: 
been able to reduce their theory to practice, by reaſon of the different 
L a ſhip is obliged to be in when under fait The /ſhip-duilders,. 

ing to eſtabliſfi this point by mathematical rules, have applied. 
3 wholly to their own obſervations and experience, which may 
indeed ſupply the deficiencies of art; but though they may thereby dif- 
cover that a ſhip has ſeveral bad qualities, it wilknot be eaſy to determine: 
where the fault lies; for it may be owing to the rigging ;: and: though: 
the fault be not there, yet they cannot be certain in what particular part 
of the body it is. IH their obſervations” be affiſted by principles drawn. 
from theory, it will conduce very much to. attain their end. 

As there have been ſeveral ſhips built which have ſeemed to anſwer alk 
the ſervices for which-they have been deſigned, ſome builders have made: 


it their principal ſtudy to copy ſhips have gained the applauſe of 


the ſeamen. This method © they very improperly call the principal rule: 
which ſhould be obſerved in building. Now, as the bodies of ſhips are: 
very different from one another, ſo there are, by this means, as many dif- 
' ferent methods uſed ; . ſome chafing one, and ſorrie another for a ſtandard; 
But it muſt be obſerved, that even though it were poſſible to find ſuch a. 


* 


body as ſhould give entire ſatisfacston, and Dave alf the good qualities that 


ſhould be neceſſary to anſwer the ſervices propoſed, yet this could by no 


means be eſtabii ue no w ſtadard by whick other ſhips: of different di- 


menſtons mag be butt. © For admitting we have a firſt rate of 100 guns, 
which by experience has been found to be a very good ſhip in all ref pets, 
yet we. thould — very much-decewed, if we thould build a 


ſhip of 20 guns by makin 4 5 to one 2 
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anether, that they have in 1 — | 
The ſirſt thi to be done, in order to lay down the « 
18 20 deterinine ; which 
fr; at the Joad- water line; for there muſt be great care taken that thete 
is fifficient ſpace hetwirt the ports. Thie will oblige us firſt to fix 


of athip, P 
be either on the 1 — gun dec 
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Ship's Names | Guns I Length Breadth | Depth 
f . Feet. -| tr in . . 
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We may then 3 to fix the Tebgth K the keel, which will oblige 
us to determine the rake of the ſtem and poſt, for which: the builders 
have given us no in yariahle rule, they being very much divided in their 
opinions; e ſome have given a rake of 18 or a0 feet, others 
have given none at all Fg 3 of the wo and-wing-tranſom muſt 


alſo be determined, which Ge Fo e decks. 
The differenee bet wixt th . oF oY and that afore, ſhould 
likewiſe be £onfidered ; for FR ſome itpagine that when. a ſhip is 
loaded her keel ſho het der d IC 555 af the water, yet in many 
a N ft ſhould be dee 
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Chis / rf 5 a rudder mote power, and 
thereby contri res ar ſteer well; but this-difference of the 
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abe that the e Pretty exact. 
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The length of the wing tranſom muſt alſo be determined; ſome ak 
it > of the main breadth ;, but this is likewiſe arbitrary, the broader a 
hip is abaft, the more room there will be for accommodations for the 
officers z, but this will be diſadvantaggous to her failing upon a wind. 


The following Examples will be ſufficient to 2 the Length of the Wing - 
tranſom for. any Ship, ; 


Tora tip of 110. guns, 3 of the main breadth, and 3 lines. more to every foot. 
Ion Suns, I of the main breadth, and 8, inches more. | 
82 guns, J of ditto. 
1 Suns, 7 inches, 9 lines for every i foot i in, breadth. 
t Was 62 guns, 7 inches, h lines for ditto, © 
I. 356 guns, 7 inches, 5 lines, 3 points for ditto- 
50 guns, 7 inches, 6 lines, 6 points fot dis. 


456 guns, 7 inches, 6 lines for ditto. 15 {03 04 

3 1 82. guns, 7 inches, . lines for dito. 0% IE 3 
METRE, 26 We 2: pave helines., 11. fu l nid 8 1 d l 
E 12 Suns, 7 inches. . 1 Is 


Solan, Eckes ding theſe tie.” . * Wants 
_ ofthe firſt — tw ties of the breadth, 8 che reſt 
one fout les. HY ori 10 1501 17 Tr £ | 

Afﬀeer theſe e aro determined, nene may ge 
which form the fides of the ſhip. A feathe of thnderg is e compoſed of 
one floor timber, two or tres futtocks dd & tdp titu ber on each ſide : 
All theſe being mind: together, and ſecitted by eroſs- bars, fortn.a circular 
ineloſure, that vchich ind loſes che Sreateſt ach ig called the mic . 
1. 1 of this" framas is inwerteck ät che lower part, 46 
the floor timber. will be forhowhat hollow im the wide, whereby t 
ends will. formica-yergrobtuſs angle; but this angle decreaſes the Farther: 
the frames! are removed from the! midfhips, in fuck a manner, the 
foremoſt and afterinoſt will become very ſharp, and. bm a very apute. 
„That fer ticabete ars ative: dete. 9055 


„ The:builders:ſerha to agree Bead as to helen 6f che midihip look 


timber, making it generally half the length of the main beam; but they 
_ differ very much about the ring of it, ſstne chafing a fat and others a. 
* ſharp floor. And if we conſidet the advantages and diſadvantages that 
attend the one;and' the other, we ſhall nat be much ſurprized. to find. 


ky 
them ſo much divided upon E br u is certain, che mere ri 
fing a ſhip has, — — wind, but then this'will occaſion 
het: to dra more water, hich will be — attended 'with-very: 
great ineonveniences. | 
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and the other at a proper aner Wat; it. "Thoſe # who © lace it beer, 
alledge, that if a ſhip is ſull forward, after ſhe has once opened a column 
of water, ſhe: will afterwards meet with no" refiſtarice, and the water will 


foroe -the ſip and have 


beſides this comes neareſt the form of fiſhes, WER hap ry ſeem to 
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- Now ſhips are narrower abaſt and afore, than in midſhips, 'the 
| other fl oor Sp 2 will of conſequence be ſhorter and have a greater ri- 
fing, which will be. Milf increaſing till) it ends on the poſt and ſtem. 

N . different methods uſed by the builders to ſettle the 

height of of this line, Some imagine, that by. narrowing the floor 1 
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will thereby ſteer better, and beſides, the water which is opened by the 
midſhip frame will then have a greater preſſure upon the after part of 
the ſhip, and thereby contribute to her ſailing: Yet theſe arguments are 
of very little weight ; for if we only conſider -the ſteerage, it is certain, 
that the higher the riſing line is carried abaft, and the narrower a ſhip is, 
the water will have the eaſier paſſage, and more power upon the rudder. 
But then we ſhall thereby run the riſk of falling into two great inconve- 
niencies ; for, by this means, we take away the buttock, which is the 
only thing we have. to ſupport all the weight of the after part of the 
ſhip; neither ſhall we be able to give a proper balance betwixt the fore 
and after part ; and when the fore and after parts are not duly balanced, 
it will occaſion a fhip to pitch very hard, and be in danger of being 
frequently pooped by the ſea when it runs high. To prevent theſe in- 
conveniencies, it will be proper to give all ſhips, eſpecially the large ſort, 
a full buttock. As to the height of the riſing line afore, it ſhould be 
determined by the form of the water lines ; but before this can be done, 
the timbers mono gte > : ; EE, 33 
| Note, What we have rendered the riſing line of the floor four aut bor ca 
Jes icons which, he ays, ts the increaſe of. 8 ihe Hr "Phe extreme 
* points of which upon the perpendicular of the ſtem and paſt are now to be 
determined. | te 3 5 LY HH 
The height of the lower deck is the next thing to be conſidered : It is 
determined in midſhips by the depth of the hold, and ſome builders make 
it no higher at the ſtem ; but they raiſe it abaft more than it is in mid- 
ſhips, as much as the load-water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and muſt be deter- 
mined by the rate of the ſhip, and the ſervice that ſhe is deſigned for. 
Wie come now to conſider the upper works, or all that is above water, 
called the dead-work : And here the ſhip muſt be narrower, ſo that all 
the weight that lies above the load: water line will thereby be brought 
| nearer the middle of the fhip; by which means ſhe will ſtrain leſs by 
working the guns, and the main ſail will be eaſier trimmed when the 
ſhrouds do not ſpread ſo much. But though theſe advantages are gained 
by narrowing a ſhip above water, great care muſt be taken not to narrow 
her too much, for * muſt be ſufficient room upon the upper deck for 
the guns to recoil. The fecurity of the maſts ſhould likewiſe be confi- 
dered, which requires ſufficient breadth to ſpread the ſhrouds, though this 
may be aſſiſted by enlarging the breadth of the channels. | 
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LT HOUGH it is not my intention, as I Swe in ike 8 
"A. ning of the laſt chapter, to treat of all the pieces that compoſe the 
ſhip, yet I think it neceſfary to ſay ſomethi of the principal pieces. E 
ſhall therefore, in the following plate, lay do — 1 piece by itſelf, by 
which means we ſhall ſee . length of the ſcar and i in what manner 


they are to be ous together, 
ee | of Plas L 
7/1 2. 08 
1 The Leek i in 80 pieces, to be well bolted gehen e and clinched. 
| IT. 


1. The EC Dad of which is ſcarphed to | the 1 of the 


3 keel, of which it is a part, and the other _ AGEs a _ of the ſtem, 
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en the keel. FIVE. 
_ ec. [The lm in eo pies, wo be rp agel. 
= E 1 The apron in 5 pieces, to 115 n * — 3 or 
we inſide of the ſtem, to ſupport the ſcarph of the ſtem; for which pur- 


c find tain ig ee be clear from that of the ſtem. 18 
. 5 „ The lemſon in two pieces, to e Gaiph-aC the apron, 
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VIII. 
D. The back of the poſt, which is likeviks tenanted into the keel and 


well bolted to the poſt ; the deſign of it is to give ſufficient breadth to 


the poſt, which ſeldom can be © got broad ont in one pen | 
: IX. BN 
| hi THe knee which Haſteneth: the poſt to the kei 


| 8 < 
N. The wing tranſom. It is fayed acroſs the ſtern poſt, and bolted 


| to the head of it: The faſhion pieces are faſtened to the ends of it; un- 
derneath this and parallel to it is the deck nee, „ bode Lan 
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O O. Two tranſoms faſtened to the ſtern poſt and alben N in 


che ſame manner as the wing T 4 
| XII. | : 
P. 9 2 tranſorn knee, which faſteneth it to the ſhip's a 


: XIII. 
The faſhion piece, of which there is one on each ſide: Their heels 
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XVIII. . 
Z. The keelſon. This is made of two or three large pieces of ber 
fearphed together in the ſame manner as the keel. It is placed over the 


middle of the floor timbers, and ſcored about an inch and an half down 
W _ of them. 5 \ 


Caar. Th. 


RS. Breaſt-hooks. Theſe are fayed in the inſide to the ſtem, and to. 
the bow on each fide of it, to which they are faſtened with pro r bolts, 
There are geneally four or five in the form of R i in the hold, one in 
the form oF S into which the lower deck planks are rabbited ; | there i ig 

one right under the hawie Nw and another 8 8 the ſecond deck. 


1 Z. are thick late which are  fijed'i in the "TY and fetch 
fore and aft to e pat the Me of the timbers. i | 


2. are thick planks | in the hade, called clamps, which ſpport we 
ends of the beams. 
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The 3g by 15, 1 5. 155 1 „are the its They. are na] broader and thicker | 

thin the reſt, which are faſtened to the outſide of the ſhip in the wake. 

4 2 che decks. We ſhall have occaſion in another mag to ſhow how: . 
are laid down in a draught. As to the plank | below the wale-to.the 

| bel and above it to the top of the fide,” We "refer Bak 2 ſection af or dos 

balf of the ci frame, as laid down in the plate.” 
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i,, into Which a long bar is fitted, called the tiller, by which the rud- 
der is turned from one fide to the other. 
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2᷑3. The cat heads, Theſe are two large pieces of ſquare timber, one 


dn each ſide of the bowſprit. They project out before the bow, in order 
to keep the anchor clear of the ſhip, which is hove up by a rope called 
the cat fall, that paſſes. through ſhivers in the outer end of the cat-head : | 
7 Their inner ends are faſtened upon the forecaſtle. 1 
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m,, m, i, i, i, are the ſeveral pieces which compoſe the knee of the head; f 

the lower part m is fayed to the ſtem, the heel of it is ſcarphed to the 1 
| \-, Head of the forefoot; it is faftened to the bows by two knees called 
| cCheeks, in the form of /; and to the ſtem by a knee called a ſtandard, =: 
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; 1 HE Dimenſions we have given of the principal parts of a ſhip 


5 5 IJ of cach claſs collected from the practice of different builders, 


Which many have ſo great a regard to, as not to vary from them in the 
minuteſt article, We think only to be fo far obſerved, as they ſhall produce 


| to mathematical principles. ; | 
i __.,, We ſhall now illuſtrate what has been faid on that head by drawing a 


# 
* 


© ſhip from theſe dimenſions. But it will be firſt neceffary to obſerve, that 


7 the builders make uſe of three different planes for one thip ; Iſt, the plane 


of elevation, in which the whole length is laid dovyn according to a ſide 

view; 2d, The plane of the projection, which ſome call a vertical plane 

of the timbers, becauſe it gives us an end view of the form of ah the 
timbers, before the plank is put on. 3d, The horizontal plane, upo 
which are deſcribed all the curves that are formed by ſections of the bo 

dy parallel to the horizon, which muſt be conſidered as well as thoſe 


vertical ſections which form the curves of the fimbers. We may likewiſe 


| form the curves of the ribbands upon this plane, which will be of great 
2 uſe in proving whether the form we give the timbers will produce a 
Kair fide. T$&# 0 30SHD af % 


elevation ſeems moſt commodious. But firſt of all it will ” vety proper 

to draw ent a liſt oFall the dimenſions of the veſſel we are to bund. is 
that we may have a view of the whole defſign. 150555 F131 

This ſhip then is to have two tier of guns, ſo there muſt be two decks 

quite fore and aft, Tikewiſe a quaifer deck as far as the main maſt, a fore- 
” _ 


caſtle 33 fect long, and a 1 n 
There are to be 13 ports of a ſide on the lower deck, the guns to carry : 


24 Ib ſhot; 14 ports on each fide upon the upper deck, the guns to. 
carry 184 ſhot ; on the quarter deck 4 guns, and on the forecaftle 2 puns 


"of 
-_ + 


= 


Ib ſhot on each fide, and 2 of 4 lb on each ſide on the pP. 
3 8 een 20. een een 0 FH 
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K Method 40 lay down a Seventy Gun Ship upon the Plane of 12 


nl <3 a3, 
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Hay 
W333 


uch a form as the ſeryice the ſhip is deſigned for, ſhall require, agreeable | 


"© K is indifferent with which of theſe we begin, though that of the 
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16 Dy the Pland of ptr 
| feet 
Pom cnvhb lower deck I - = RO 8 2 
Diſtance betwixt the ports . 7 
Aftermoſt port from the poſt f —— 9 
Foremoſt from the ſtem —— —— — 17 
Height of the ſells, including the lower deck planks | 2 
Ports up and down on the lower deck 2 
Diſtance from the upper ſide of the lower deck beam to ache: 6 
AA pper fide of the upper deck beams | 
Riſing of the ſecond deck abaft — .. | 
Second deck ports up and down ———— mY: e * 
Second deck ports fore and at —— — — 2 
Height of the ſells from the deck line b E Þ 
Diſtance betwixt the ſecond deck and quarter deck om}, Gi 
plwKank to plank 7715 
Quarter deck ports up and down. . — — 11 
Quarter deck ports fore and aft | — . 
Height of the ſellss— — ᷑ĩT——Am— i 
Diſtance betwixt the quarter deck and Pond. — 56 
Ports on the poop fore and aft c . 1 
Height of the ſel — . . — 1 
Length from Acres to rabbit on the gun deck. — 156 
Extreme breadth | | — 42 
Depth in the hold below the ak. — — 2 
Riſing of the lower deck abaft, not including the difference fn 
of the draught of water 8 
Heig ht of the ſtem ni) ——_—_ ED” Ion — FS 7 * 
Height of the pot X— — 31 
Rake of the ſtem — — — 1835 
Rake of the poſt — — — 3 
Length by the keel — — 139 
Depth of the keel — — — 1 
Length of the wing tranſomm— — 27 
Length of the midſhip floor timber 34 
Riſing of ditto _ — — 1385 
Difference of the draught of water abaft more thaw afore "es. 
Height of the riſing line of the floor abaft — 13 
bra of the riſing line of the floor afore — 55 
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inners in the art of drawing to conform 


. exatly to theſe dimenſions, which we > have here given for an example, 
and 
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and obſerve all the particular directions which we ſhall give in laying 
down a ſhip of 70 guns; for they muſt begin by making themſelves 
acquainted with the terms, and thereby gain a general idea of the whole 
deſign. Aſter finiſhing this draught, they may then proceed to another 
of a different rate, and as we have given the prineipal dimenſions of ſe- 
eng good ſhips, they may chuſe ſuch a one as will beſt anſwer their 
eſign. 
Plate II. Fig. I.] 1ſt. Provide a ſcale of equal parts properly divided into 
feet and inches, adapted to the intended length of the draught, and draw 
the line AB, which make 156 feet 3 inches for the length of 19 gun 
deck, from the rabbit of the ſtem to that of the peſt. 
To find the length on the gun deck, multiply 13, the . in. 
number of ports, by 2 f. 10 in. the dimenſions of each port $36 „ 36 10 
fore and aft, the product is 
Again multiply 7 f. 9 in. the diſtance betwixt the ports, 7153 | 
12, the number of { 152 the n is 93 0 


08 ** 


Aftmoſt port before the po 9 3 
Foremoſt abaft the ſtem | 6 = 2 


0 
0 
Q 
Length on the gun deck 3 0 
2dly, Draw the line CD cial and parallel t to AB, let 21 1 the half 
of the main breadth, be the diſtance betwixt them, and erec̃t the perpen- 

dulars C F and D Z. N 
zůly, Set off 3 feet 2 inches, the difference of the dravight of water, from 
Bto G, and draw the line A G, which will give the poſition of the 
tower ſide of the keel. From A ſet off x foot 7 inches 3 lines, the depth 

of the keel, as in the table of ſcantlings, to K, and draw the line K 1 Pa- 
rallet to A 85 which will be the upper ſide of the keel. | 

Athly, Set off r foot 3 inches 3 lines, the breadth of the ſtem, een G 
to M, and draw the dotted line M N parallel to G Z, From & ſet off 
15 feet 7 inches 2 lines, the rake of the ſtem, to O. 
Sthly, Set up 31 feet 9 inches 3 lines, the height of the ſtem from 

G to P. With the radius IP deſcribe ihe arch PO, which will be the 
fore ſide of the ſtem, and from the fame center deſeribe another arch 
within the former, which will give the inſide of the ſtem, and another 
arch for the rabbat may be deferibed four eder before the 1 of 

the 1 5 
_ -- 6thly, Set up 25 feet 1 ich Koda K to L the the height of the _ 

deck abaſt, wy 21 feet 6 inehes from I toe; for the height afore.” 
- 7thly, Set up 2 feet 5 inches, the height of the port-ſells from L 6k 
which will give the upper fide of hong wing tranſom ; from which ſet 2 

2 


18 O the Plane of Elevation: _ {= mY 


2 feet 7 inches, the height of the ports; alſo 1 foot for the depth, and 
6 inches g lines for the round of the helm port tranſom, to the point F, 
which will be the height of the poſt; ſo K F will be 31 feet 7 inches 
9 lines. From K ſet off 3 feet x inch 5 lines to 7, — the rake of 
the poſt, and draw the line F for the aft fide of the poſt. From to 
ſet off the depth of the keel, and draw the line & 4 tor the fore fide of 
the N making Fd 2 of f b, fo ſhall 7 O be the whole length of 
the 
The builders are very much divided about aligning a proper place ſor 
the midſhip frame, for which the following method may be uſed. _ 
Divide the line CD into two equal parts, then take 5 feet 6 inches 
10 lines, that is r part of 156 feet 3 inches, the length of the gun 
deck: Set of this before the middle of the line C D, Which will give 
the point F, the ſtation of the midſhip frame. Set up 21 feet from F to 
Z, which will gu je the height of the gun deck at the midſhip frame, 
From the point Z ſet off 2 feet 7 inches 6 lines (the + of the height of 
the gun deck at the midſhip frame,) through whic| point draw a line V T, 
el to CD, which will be the load-water line. Through the point F 
* draw the line G g, parallel and equal to the load-water line, which will 
_ | ſhew how much water the ſhip will draw abaft more than afore. _ 
= Ouye of the frames is placed pretty near the chefs tree, which is called 
—_— the loof frame; to find its place, from the point D ſet off + of the line 
1 DC, and there draw a dotted line perpendicular to A B. Again divide 
8 the line F G into nine equal parts, and draw eight lines perpendicular to 
AgB, LEY will ſtation- git frames in the fore-body beſides that of 
the n 
There is in the aſter- body a Game to balance that of the Ioof. in the 
ſore · body; theſe two are of equal breadth in ſome points, and this will 
occaſion; the center of gravity of that part contained betwixt theſe two 
3 frames to be near the plane of the midſhip frame, which will keep the 
iz fore part and aſter part upon a balance. It muſt be as far abaft the 
1 | middle of the line C D as that of the loof is before it. | 
_ | I' be frames in the. after-body are the ſame diſtance from one d e 
as they. are in the fore, which will occaſion one more abaft than been 
ſo there are nine abaſt, beſides that of the balance. ' 
_ We ſhall in the next place lay down the deck lines, and firſt for the 
—_— lower deck draw a fair curve through the points L. Ze, and parallel to it 
3 draw another e 1 A 1 e ie: . Wen 5 lake above 
= | we ae foes | 15 
ne 
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nav. III. Of the Plane of Elevation. 19 
The aftermoſt port is ꝙ feet 3 inches before the poſt, which ſet off to x, 
and the ports are 2 feet 10 inches fore and aft; which ſet off from to x, 
the diſtance betwixt the ports is 7 feet 9 inches, which ſet off from x to Y 
for the aft ſide of the ſecond port; from V again ſet off 2 feet 10 inches, 
which will give the foreſide of the next. Proceed in the ſame manner 
till all the ports are ſpaced; fo ſhall the foremoſt port be 19 feet 2 
inches abaft the rabbit of the ſtem. The height of the ports is 2 feet 
* 7 inches, which ſet up from ; draw a curve parallel to the deck line, 
which will give the upper part of all the ports; after which theſe two 
lines may be wiped off the draught, which muſt be therefore drawn with 
a black lead pencil, and only the ports inked in. = 
Draw a line for the upper deck, which is 6 feet 11 inches above the 
lower from the midſhip frame forward, and 6 inches more abaft. We may 
then draw a line for the port-ſells, and one for their height, parallel to the 
deck line, and ſpaoe the ports ſo that they may be exactly over the mid- 
dle of the diſtance betwixt the lower deck ports. 8 
Before we can ſet of the height of the quarter deck we muſt find the 
true place of the main maſt. The general rule is to take 4 lines for 
every foot the gun deck is in length, and ſet it off abaſt the middle, 
which will give the foreſide of the maſt, now the length 1 56 feet 3 inches 
x 4 lines = ow; = 4 feet 4 inches 1 line, which ſet off abaft the mid- 
dle of the line C D, and there erect a line perpendicular to the water-line, 
which will be the fore fide of the maſt, and parallel to it draw a line for 
the middle, and one for the aft fide of the maſt, the diameter of which is 
35 inches. Set off 6 feet 6 inches on the aft ſide of the main maſt, for 
tile height of the yuarter deck ufore, and 6 feet 10 inches for the height 
abatt ; and draw a line nearly parallel to that of the uppet deck, which 
will be the line for the quarter deck. We may then ſpart the ports, 
ſo that they may be exactly over thoſe of the lower deck. The forecaftle 
is 6 feet 6 inches high, at which diſtance draw a line parallel to the up- 
per deck line, which will give the line for the forttaſtle deck. As to 
the length of this deck, it ends forward at the beak head, and is carried 
aft diſcretionally, obſerving to leave room for the capſtan bars. In ſpa- 
cing the ports upon the forecaſtle, care muſt be taken that none be op- 
polite to the fore maſt. Now to find the center of this maſt, take 1 5 feet 
7 inches 2 lines, the tenth part of the whole length, which ſet off from 
the rabbit of the ſtem upon the lower deck abaft, from which point ſet off 
32 inches and 1 line, being the diameter of the maſt ; through the middle 
of this draw. a perpendicular line, as in the plate. The boltſprit gene- 
rally makes an angle of 34 or 35 * with the load-water line. REY | 


Ca 


20 TL. Of the Plane of Elevation. Cear. III. 
The poop is pretty near parallel to the quarter deck; the diſtance be- 
twixt them forward is 6 feet, and abaft 6 feet 3 inches. It ends about 
48 inches before the mizen maſt, the aft ſide of which is 5 of the main 
breadth before the rabbit of the poſt upon the gun deck. 
The counter is generally an arch paſſing from the upper fide of the 
wing-tranſom to the lower ſide of the beam of the ſecond deck. The 
Take of the lower counter is 2 of an inch for every foot of the main 
breadth. The rake of the ſecond counter is + of the lower; its height 
above the deck is 3 feet 5 inches. The hollow of the counters is altoge- 
ther arbitrary, inſomuch that ſome give none to the lower. The upright 
of the ſtern rakes 2 inches in a foot, as in the plate. „„ | 
Ihe beauty of a ſhip depends much upon giving the wales a proper 
hanging; for by them the ſheer and drift rails are regulated, being all 
nearly parallel to one another, though they generally riſe a little more 
abaft on account of the accommodations for the officers, It is this 
which makes a ſhip look airy and graceful in the water. There is no 
certain rule for laying them down ; this is left entirely to the fancy and 
_ taſte of the artiſt; but in placing the wales great care muſt be taken that 
they be wounded as little as poſſible by the ports; the foremoſt port on 
_ the gun deck muſt be 1 + or 2 inches above, and the third port from 
abaft juſt touch the upper ſide of the upper ſtrake of the main wales. 
The lower edge of the lower ſtrake may glance with the edge of the wa- 
ter when loaded. There are two ſtrakes of wales, and one ſtrake between 
them of 15 inches broad each. The range of the deck ſhould be conſi- 
dered in placing the wales, ſo that the ſcuppers may be in the ſtrake 
betwixt the wales. The like caution muſt be uſed for the channel wales 
as may be ſeen in the plate, where they are all laid down, together with 
the ſheer and drift rails; the rails, cheeks, and knee of the head are like- 
wiſe laid down in the plate, and: being for an ornament to the ſhip, are 
left to the fancy and taſte of the builder. Though the knee may help a 
' ſhip to hold a good wind, the fore part of it is generally one twelfth 
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CHAP. IV. 
"ys lay down the Frames pon bs Plane of Projection. 


[ L AVING thus explained all that is neceſſary to be delineated 
upon the plane of elevation, the next thing to be determined is 


the different breadths of the ſhip at any aſſigned points of the length, 
| whereby we ſhall gain the forms of all the planes that are made by ſec- 
tions, perpendicular to the load-water line. The timbers that compoſe 
the body of a ſhip are ſuppoſed to have their planes in that poſition, and 
may be all delineated upon the plane of the projection; but as both ſides 
of a ſhip are exactly the ſame, it will ſuffice to lay down the half of each, 
thoſe of the fore - body on the right, and thoſe of the after-body on the left 

hand. And whereas theſe planes diminiſh afore and aft, the planes of all 
the frames may be all delineated upon the plane of che midſhip one, 
which may be called the maſter- frame. The firſt thing then neceſſary 
to be known, is how to form this frame. 

The mid-ſhip frame is that which is at the bniaded part of the 
The builders differ about the form of this frame, but there are ſeveral 
preliminary operations which are ee to be n in all the dif- 


ferent de uſed i in ung Meth hin dat | . * gs 


| Preliminary Operation for forming: the Mighip Frame, 15 


1 Plate Il, Fig. I. ans ll. x. Dtaw the lie Ah to repreſent the uppe % 
of the keel; it muſt be at leaſt as long as the ſhip is broad. This lin line our 
author calls the line of aculement, becauſe upon it the aculement of the 


midſhip floor timber terminates. 
 2dly, Draw the line CD parallel and equal to A B, ſo that AC and 


BD may be equal to the riſing of the midſhip floor timber. This line 
may be called the riſing line, becauſe it limits the height of, the ends of 
the midſhip floor timber above the keel. 
zduly, Draw the line G H, for the height of the lower deck, parallel to 
the former; and below this, draw a line to repreſent the load-water line, 
taking its diftance below the deck line from the plane of elevation at the 
midſhip frame. Draw alſo the lines TK and LM, the one for the ſe- 
cond deck, and the other for the ſheer rail or top of the fide in midſhips. 
The © height of both are to 72 ee br the 1 how dw re m—_ 5 
| Ys 
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Athly, Draw the line N O perpendicular to AB; this is called the 
middle line, and repreſents the middle line of the ſtem and poſt, dividing 
the whole ſhip into to equal parts; and parallel to N O draw the lines 
AL and BM, to limit the breadth ; alfo a line for half the thickneſs of 
the ſtem, and one for half the thickneſs of the poſt. Draw the lines 2 x 

parallel. to NO, dividing the lines O A and OB into two equal parts. 
Draw alſo the diagonal GB. Theſe lines being drawn, we may proceed 
to h the «ms he frame by ſome of the following methods, 3 


n 
75 form a Wks Frame, that ſpall be neither tco ſharp nor tos \ fat. 

Plate III. Fig. I] Iſt, Divide the line a x, which marks the head of the 
floor timber into three equal p arts; ſet off one from a to b. | 

ad, Divide the line 4 B, the diſtance betwixt the load-water line and 
rhe upper fide of the keel, into ſeven equal parts; ſet off one of theſe 
from d to e, and from e to n, e thr al a V, which divide 
into two equal in the point 2. _ diagonal, a V, & wiped 
mut, after Jada the poent * Eh m_ 
zd. Deſcribe an arch of a cirele to gate ein ine points 5 and 63; 
the radius the whole length and half the length of the line Be, ſo 
the center A may be found by deſcribing an-arch-withithat radius from e, 
. and one from 5; to iciterſect one another in A, we ſlrall only make aſe of 
that part of this arch betwixt J and m. Now; to find the ether arches 
nd, la, an, u V, it muſt be obſerved, that, in order to reconcile two 
i ſo as to make a fait curve, a ſtrait line muſt paſs through the cen- 
ters of both, and through the points where they unite or touch one ano- 
ther ; draw therefore the lines Am and At fo: hall & be the center of 
the arch d, and o the comteriof the arch Ia. Again, through the center 
e draw the line a o, produce it to P, which, will be the, center of the arch 
en. Laſtly, from P thro' » draw the line Ps, 4 will be the cctter of the 
| Inverted, arch à V. Note, 4be center |s' will be without the Plate. 
Ah. To form che top timber, ſet back the tenth part bf che alf breadth 
Sub 0 8, upon tbe fling of: the;:ſecond deck qq deſoribe an arch of a 
circle thro the points d and 8, taking o? of the whole breadth for the ra- 
dius: Again, from the poirit M; upon the line L. M. ſet back the fifth part 
ol the vhole brradth to l. Deſcribe an arch of a ciecle thro the points 
8 and J, taking the diagonal G B Vor che radius. As this arch is inyerted 
in reſpect of che atch 8, the center will be withour the figur This 
compleats the form of half the en en wh a yr | 
we may find the other half. 

It muſt be obſerved, that . K is no 13 — Dad to 9. one of = 
beam in ſetting off the deck line or depth of the TW "Em 
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i Man 1 HO D U. 
75 aeferibe a Midjhip Frame of a circular Floor. 


Plate III. Fig. II.] From the center G, the point where the middle line 
interſects the deck line, making the half breadth the radius, deſcribe the 
arch 6, G, c, O: Let d be the head of the floor timber, and dx the riſing, 


Aſſume the point , according to what round you propoſe to give to the 


| ſecond futtock, and deſcribe the arch df; the center may be found as di- 


rected in the preceding method. Divide the arch O into three equal 


parts; ſet off one from ꝙ to g., and from the center , deſcribe: the arch 
d g ; there remains only the inyerted arch g to be en z the conter 
may be found as before directed. = oY 


| METHOD. . abc 
To S a Midſeip Frame which ſhall be 2 


* 


Puts II. Fig. M.] iſt. Draw the riſing and deck lines as before ; ke ba 


be the riſing. 


den | 
3d. jokeribe tlie to quadrants ceb, and c h, 3, into the ſquare. 585 
Ith. Divide the fide c@ into a certain number of equal parts in the 
points O, N, M, L a; draw the lines 1 L, B M, Sc. erpendicular to a c. 
1 Divide the line CG, the depth of the hold, We the ri- 
fiog, into the ſame number of equal parts in the points E, F, I, X, and 


make the lines E p, Fg, Ir, 1 in the frame, wry = the lines Oz, 


Nu, Me, Ln in the quare, eſeribe a curve che eb points G, p, 9, 
7,5, 6, and the remaining part; of the RARE bk be 2%. 
ceding methods. 


| oh M E TH 0 5 Iv. 
27 0 Geſeribe a Midſhip Frame fer a very ſharp Ship.. 


Plate III. Fig. IV.] Let the. length of the floor timber he half the b 
as before, and the riſing > e fifth or one ſixth gf the whole length of the 
floor timber; lay this off from x to E, and defcribe a parabola through 
the points G, N. Q. E, of vrhich the point G is the vertex, GTM 
axis. This method is extracted from M. Bouguer, The parabola may 


be formed by the following method: 1. Through the point E draw the 
— T x perpendicalar © GC, and che line 4 E nen een | 


+ of : £4? AL; 0 pP 


iS 4 


* 
N 


2d. Make 45 the fide of the ſquare. dbac equal to Cb. the * of the 


ud 5 pe: | 


7 " R 
1 * *% 
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produce the line C G to D. 2dly, Upon the line CD find the center of 

_ a ſemicircle that ſhall paſs through the points T, d, and D, fo ſhall GD be 
the parameter of the parabola, by which we may find any number of 
points through. which the curve muſt paſs: For inſtance, ſuppoſe it were: 
required to find a point in the perpendicular X P, IN which the 

cut ve muſt paſs; upon the line G D find the center of a ſemicircle which 
ſhall paſs through the points D and X; this will interſe& the line A G in 
&, make b6P'equal and parallel to G X, ſo ſhall P be the point required; 
in like manner, the points'aQ f may be found. The remainder of the 
curve from E to y will be compoſed of two arches, the one to reconcile 
with the parabola in the point E, and the other inverted: to paſs through 
the point y; the center of Which may be found by any of the preceding 
meths. In order to find the center of that which joins with the para- 
bola, make T R equal to half the parameter GD, and draw the line E R, 


pt 
*% 


upon which find a point $ for the center of the arch. 5 
We might ſhew a great many more methods of deſcribing this midſhipꝑ * 
frame. It is very true, that great care ought to be had in forming this. 
frame, becauſe upon it chiefly depends the form of all the other timbers ;. 
I fay chiefly, but not altogether; for two ſhips may be ſimilar. as to their 
midſhip frames, and yet very different afore and abaft ; and though the 
artiſts ſhould make themſelves acquainted with all the different ways of 
forming this frame, I ſhould recommend that method to them which is 
the fiwpleſt, ang which gives them the.moſt liberty to. vary the ſorm of 
it, according td every one's particular, taſte or fancy; and it is very, poſſi- 
ble chere may be ſeveral other methods as eaſy and plain as thoſe we have: 


deſcribed. © This frame being once formed, we may form all the reſt upon 

che lame plane. Welhall, in the next place, ſhew the different methods 
wed by the builiers $or thae purple. 
The ancient builders, not being acquainted with the methods of laying 
down their deſigns in a draught, found out a mechanic way of doing this,, 
only by help of the midſhip' frame, which they might have formed by: 
ſome of the preceding methods, or any other. contrivance of their own; 
and though this method is defective in ſeveral points, yet as it is an inge- 
nidus contrivance, we ſhall give it a place hermſeſG. 


1 
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Of forming the Timbers by a Mould made ta the Mid/hip Nrame; à riſiug 
var An Staff. and overcaſt Staff. - DORTAXT alt 1-1 4hen 
u. Fig: vil. 2 ft.) Having formed the midſhip frame, and ſet eff it 
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2d. Draw the line Z x to limit the head of the floor timber at d; let d a 
be the riſing, and draw the line az; let ? be the height of the riſing line 
abaft, and draw the line t to repreſent the floor heads, or floor ribband. 
Set off dx from d to H; and from e, the head of the firſt futtock, to 6, 
and divide each in fix equal parts, being the number of frames from 
midſhips to the balance frame. | 
zd. Divide the line @ # into five equal parts, and ſet off two of them 
from à to 8; divide the line 4 8 into the ſame proportion, that the part 
As of the baſe A C of the right angled triangle (Fig. 5.) is divided into, 
and transfer theſe diviſions to the bend mould, and let them be numbered 
o, 1, 2, 3, 4, 5, 6, which points wilbgive the narrowing of the floor, as 
we ſhall ſhew, after conſtructing the triangle. We ſhall only remark, 
that the line @ 8, which is + of 4 u, is nearly the difference betwixt half 
the length of the midſhip floor timber, and half the length of the floor 
timber at the balance frame. But as this appears to be too much, we may 
take 5 as in the figure, or any other quantity which ſhall be thought 
moſt convenient. | | 


To conſtruct the Triangle, Fig. 5. 


Upon the line A C, drawn at pleaſure, ſet off any diſtance from A to 1, 
and double that diſtance from 1 to 2, treble from 2 to 3, and ſo on in 
the ſame progreſſion till we have as many diviſions on the line A C as 
we propoſe to have frames abaft the midſhip. Ere& a perpendicular at 
A, which may be pfoduced at pleaſure, and from any point B draw lines 
to all the diviſions of the baſe AC. Obſerve, that though in the triangle 
we have drawn a line for every frame to the faſhion piece, we ſhall only 
make uſe of ſix, there being ſo many to the balance frame. The triangle 
being thus. conſtructed, apply the line 4 S to it, in ſuch a manner, that it 
may be parallel to A C, and be contained betwixt the lines B A and B 6, 
the lines drawn from the point B to the points 1, 2, Sc. will divide it 
into the required proportion. | 8 


To canſtruct the Riſing Staff, Fig. 5. | 


This ſtaff K L may be of the fame breadth with the keel, and a little 
longer than 41, the height of the rifing of the floor. In order to graduate 
that ſtaff, ſet off x u, the riſing of the midſhip floor from K to o, and 
make o L equal to 4 7; apply the line oL to the triangle, ſo that it may 
be parallel to the baſe, and amor” betwixt the lines A B and B 1 25 


* 
EY * 5 
5 
; * 


the ſpace contained betwixt the points 5 
from the lower part of the bend mould to the pom 6 upon the line Ba; 
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lines from the point B to the ſeveral points in the baſe will divide it into 


the required proportion, which will give the riſing of the floor. 


Note, Our author calls x u the acculement, and u d the riſing ; the line 


u a bill paſs through the point where the inverted arch joins the floor ſweep. 


To conſtruci the over caſt Staff, Fig. 5. 


That we may have a clear underſtanding of what is meant by over- 
caſt, it will be proper to obſerve, that in forming the frames by the bend 
mould, when it is ſet to the narrowing of the floor, the head of the 
mould will come too far in at the deck; the mould muſt therefore be 
moved round upon the point which repreſents the floor ribband, till the 
head goes out to the proper breadth ; this will occafion the lower part of 
the mould to riſe a certain quantity, which is called the over-caſt. In or- 
der to graduate this ſtaff we muſt determine the difference betwixt the 
main breadth at the midſhip frame, and at the balance frame, which ſup- 
poſe DF, let this be placed parallel to the baſe, and contained betwixt 
the line BA and B 6; ſo ſhall the lines B 6, B 5, Cc. divide it into the 
required proportion. 5 | 
| Theſe are the inſtruments that are neceſſary for forming the after 


frames, thoſe for the ſore part are conſtructed in the fame manner, only 
the graduations for theſe are but half the graduations of the former, for 


which reaſon there muſt be another bend mould graduated for the 
forebody. = | e 7 5 
Now, in order to form the frames by theſe inſtruments, place the bend 


mauld upon the rifing ſtaff in ſuch a manner that the middle line of the 
ſtaff uced may 
dend mould, expreſſed by the diviſion correfponding to the frame to be 


through the narrowing of the floor upon the 


formed; fuppoſe frame 6, (Fig. 7.) the lower or ſtrait part of it 


expreſſed by the dotted line in the figure being applied to the ri- 
fing ſtaff, till the middle line B a paſs through the diviſion 6 on the bend 


mould: mark by the edge of the riſing ſtaff the point 6, which expreſſes 
the riſing of the floor at that frame. Wap the over caſt (expreſſed b 
nd 6 upon the over caſt ſta 
then keeping the point d immoveable, turn the bend mould upon this 
int till the lower Af riſe to the over caſt at the point 6, upon the line 
2, and when in this poſition we may deſcribe the curve to the floor 


| Head, and then invert the bend mould, and . tho point 6 (betwixt 
dad H) to the point ſet off before to expre 


$the riſing,] turn the mould 


9 
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till the ſtrait part touch the curve before deſcribed, and then draw the 


lower part, which compleats the frame. Ty 

'This is the method that is uſed when they mould the timbers, and it 
may likewiſe be uſed to lay them down upon a draught ; for if the line 

au of the bend mould (Fig. 8.) be laid upon the line AV, we may, 
when in that poſition, deſcribe the midſhip frame from the point d 
to the point x, In like manner we may deſcribe all the reſt of the 
frames, by giving each its proper over-caſt and riſing ; as for inſtance, 
if it were required to deſcribe frame 6, take the rifing K 6 upon the 
riſing ſtaff, and ſet it off from the point B to the point @ upon the 
line B G, and draw a line through the point @ parallel to A V, upon 
which laying the bend mould in ſuch a manner that the point 6, 
which. expreſſes the narrowing of the floor, ſhall be upon the point 2; 
then will the point 4 be upon the x 
from a to 6, and keeping the point 4 immoveable, puſh up the bend-mould, 
which at firſt was placed at the point a, till it be raiſed to the point 6, which 


will throw out the point x tothe 2 breadth at the deck. But be- 
a 


cauſe the deck is higher at timber 6 than at the midſhip frame. Take 
the diſtance betwixt e and 6, at the head of the futtock on the bend 


mould, and ſet it up from x to 6, and then inverting the bend mould, fo. 


that the point 6 betwixt dq and H be at the point X, and the ſtrait part of 
the mould touch the curve before deſcribed : we may then deſcribe the 
lower part to the point X, which compleats the whole frame. The tim- 


bers for the fore body may, be deſcribed by the fame proceſs as thoſe of 


the after body, only making uſe' of the bend mould, rifing, and overcaſt 
ſtaff, graduated for that purpoſe ; but, as we obſerved before, we cannot 
lay down any timbers by this method, but thoſe betwixt the midthip and 
ballance frame, | 8 e . 
The builders finding how very advantageous it would be for them to 
form all the timbers upon the plane of the projection, becauſe they could 
then at one view ſee how they would 2 one with another, have 
tried ſeveral expedients to perform this, of which I might inſtance ten or 
twelve, but ſhall content myſelf with explaining three, which may be 


fufficient for thoſe purpoſes, in order to which I ſhall firſt ſhew another 
method of forming the midſhip frame, different from thoſe we have 


ſhewn before. 


the length of the floor timber as before. 


2d. Take one fourth of the length of the floor Gender and get it of 
from O to 4, upon which ere& the perpendicular d e, and divide it into 


two equal parts in the point e. E 2 f 3d. 


int R: Set up the proper over-caſt 


from 


— & 


x 
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z aͤũ. Deſcribe an arch through the point a, the head of the floor tim- 

ber, and the point e, taking for the radius the diſtance from the upper 
edge of the keel to the port- ſells, or a little more or leſs, according to 


hat round you propoſe to the floor head. This determines the riſing of the 
floor timber, and with the radius O /, half the length of the floor timber, 


: deſcribe the arch e V, which determines the aculement of the floor timber. 


Ath. At the point l, the middle of the line A O, erect the perpendi- 
cular Im; and at the point u, the middle of the line A /, erect the per- 
.pendicular a; erect alſo the perpendicular p q at the middle of the line 
An; and another 7.5, at the middle of the line Ap; and laſtly, another 
u, at the middle of the line A x. b 5 
th. Take the diſtance I n, which ſet off on the line 72 o from n to 2; 
and on the line pg, from 5 to g; then taking the diſtance from à to g, 


5 
+ 


ſet that off from p toy; again take the diſtance p y, which ſet off from 


r to b, and the diſtance 5 4 from r to F; and laſtly take the diſtance r F, 


which ſet off from F to E, and then the diſtance E a from t to X, a curve 


paſſing through the point 4, 2, y, F, X, T, will form the midſhip frame un- 


der water. We may then ſet off half the thickneſs of the poſt and ſtem 
on each ſide off the middle line, and form the reſt of the timbers; thoſe 
for the fore body on the right, and for the after bedy to the left of the 
. F „ ES 


Plate II. Mt. To lay down the poſt upon the plane of projection, take the 


_ . eifference-of, the draught of water abaft more than in midſhips, as 


| marked on the plane of elevation (Fig. 2.) ſet off this from F to e, 


(Pe. 3) and draw the line d e parallel to A B; take alſo K F, the height 
de plane of elevation, which ſet off from e to r, fo ſhall the point r 
be the head of the poſt. 0 4 3 
2d, To lay down the rom, take its height from the plane of 
elevation, which ſet up on plane of projection to , and draw the line 
g perpendicular to the middle line, ſo g f repreſents the upper fide of 
the wing tranſom, without regarding the round up; or the round aft. Take 
alſo the height of the riſing line upon the poſt from the plane of elevation, 
) cot, 1 oo en 2 ag 


| 1 a To form the faſhion piece; take upon the plane of the projection 
— 


the height ef the load- water line, above the riſing line upon the 
poſt, which ſet off from to o upon the water line; take alſo G P, the 
diſtance betwixt the riſing line and lower deck, which ſet off from P to 
9g upon the deck line, and deſcribe a circle through the points /, 9, o. There 


s a problem in geometry to find the center of this arch. Note, the point 
ꝓĩũ may be taken further out or in, as ou. deſign. a lank or full fafhion piece. 


Ilaaſtiy, 


. 
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Laſtly, deſcribe the arch o G; the radius of this arch may be the main 


half breadth ; ſo ſhall F, g, o, G, be the form of the faſhion-piece, which 
may be varied according to the fancy of the artiſt, by altering the centers. 
Having thus formed the midſhip and after-frames, we ſhall, in the next 
place, ſhew-how to ſpace the ribband lines, which are repreſented by the 
diagonals in the figure; but it will be proper to remark, that the ribbands 
are thin narrow planks, which are made fo, that they may eafily be bent 
to the timbers. That which is nailed to the poſt at the height of the riſing 
line, and to the midſhip frame, at the end of the riſing of the floor timbers, 
is called the floor ribband. That which anſwers to the wing tranſom and 
to the height of the lower deck, on the midſhip frame, is called the breadth 
ribband; all the reſt betwixt theſe two are called intermediates. | 
From the point H draw the line H G for the floor ribband, and from 
the point T draw the curve T, E, 9, p for the breadth ribband, and draw 
the two intermediates betwixt them, ſo that by them the curve of the 


| raidthip frame and faſhion piece may be divided into three equal parts. 


Nou, it is very plain, that if the ribbands had a proper form, and nail'd 
at the proper heights and poſitions, they would compoſe a kind of a 


model, by which the circular form of every timber mi 7 caſily be diſ- 


covered ; but as we have only the extreme points of each given, we 
cannot from thence form ſuch a curve as ſhall be neceſſary. We muſt 
therefore find a method to form ſome intermediate timbers betwixt the 
— and after one, and thereby form the ribbands ſo that they ſhall 
make fair curves.” There are ſome Perling n h are ne- 


5 ceſſary towards performing this. 


. To mn an equilateral Triangle * the. Progreſn CE the 
Frames in the After-Body, 


en the point M ſet off any diſtance to 1, upon any 


Plate IV. Fig. I. Aegi line, and from 1 to 2 treble that diftance, Ga 2 to 3 


five times that diſtance, from 3 to 4 ſeven times that diſtance, and proceed 


in that progreſſion, increafing the ſpaces betwixt the figures by equal 


differences, wiz, double the diſtance betwixt M and 1, till we have as 
many diviſions leſs one as there are frames betwixt the midſhip and poſt, 


including that of the midſhip and poſt; and becauſe there are nine frames 


the line muſt conſiſt of ten diviſions, from the point M to the point E. Let 
them be numbered 1, 2, 3, &c. make M E the baſe of an equilateral trian- 
gle SME, and draw the lines 8 1, 8 2, Sc. obſerving to produce them 


all till the diſtance betwixt the lines 8 E and 89, ao a line parallel to 
ai be at leaſt equal to — diſtance betwixt the n the plane 
| af 


: ; 
i 
L \ 


ale the diſtanoe betwint the line g G and K Lat that frame, 
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of elevation. The line $M repreſents the midſhip frame, and the line 
S E, the poſt, and the nine intermediates repreſent the nine frames be- 
twixt the midſhip and poſt. | . | 

In order to give us a clear underſtanding of the uſe of this triangle, it 


will be neceſſary to remark; that the midſhip frame being that which in- 


cloſeth the greateſt ſpace, and the aftermoſt that which incloſeth the leaſt, 
it will follow, that the intermediate frames will partake of the form of 
each, but moſtly of that to which they are neareſt; yet they will till 
retain a little of the form of each. Hence, when the intermediate frames 
are all formed, their curves will divide all the diagonals, drawn in the 
plane of projection, into as many parts as there are frames; and all the 
methods the builders have invented ſerve only to divide them into ſuch a 


proportion as fhall produce the faireſt curves. 


Now, if the proportion pitched upon for that purpoſe, be as 1, 3, 5, 7, 9 
&c. then they muſt all be divided 2m the fame proportions as the bets | 


of the triangle is divided into; and this may be performed very readily, 


only by taking the length of each diagonal from the plane of the projec- 
tion, and applying it to the triangle in ſuch a manner that it ſhall become 
the baſe of an equilateral triangle; as for inſtance, to divide the firſt in- 


|  termediate diagonal, take the length of it in the plane of projection, 
(Plate II. Fig. z.) and ſet it off from the point S to m and & on the ſides 


of the triangle SM and SE ; and draw the line 7: 4, which being parallel 


to the baſe of the triangle, will be divided into the ſame proportion. 
In like manner, all the reſt of the diagonals may be divided; but as 


the builders are not agreed as to the preciſe form of a ſhip's bottom, ſome 
cbuſe to divide the Pale of the triangle into another proportion ; others 
again, in applying the diagonals to the triangle, give them different incli- 
nations to the line MS. It would be very proper to try ſeveral of theſe 
methods, by which means we might diſcover which would be moſt con- 
venient; and after. all the diagonals are divided into as many points as 


there are frames, curves paſſing through theſe points will determine the 


form of all the frames from the midſhip to the poſt, It only remains to 
ſhew how ta end each frame upon the poft. It was before obſerved, that 
the keel is not parallel to the ſurface of the water, fo that it will be 
very cafy to conceive that the height of each frame, taken from the up- 


per fide of the keel, upon a perpendicular to the furface of the water, 


will always increaſe; the nearer the frame is to the ſtern poſt, Now, 


eis what the keel in deeper abaft than at the midſhip frame; and to find. 


how much any frame abaft exceeds that of the midſhip, f the firſt, 
m the plane 
of 


— 
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of elevation, (Plate II.) which ſet off from F towards d, (Fig. 3.) and at 
that point draw a line parallel to d e, which will be the firſt frame upon the 
keel. In like manner we may draw lines parallel to 4e, for all the reſt, as 
in the figure, which will determine their heights from the upper ſide of 
the keel to the ſurface of the water. 5 

It muſt be obſerved, that the diagonals in the plane of the projection, 
which end on the faſhion piece, muſt likewiſe end on the faſhion piece on 
the plane of elevation; we muſt therefore draw the fafhion piece on the 
plane of elevation. Thus, take the diſtance of the point G, in the plane 
of the projection, from the upper fide of the keel, which ſet off upon the 
ſtern poſt in the plane of elevation to the point ; through 7», the rabbit of 
the wing tranſom, draw the ſtrait line H M, which will repreſent the faſhion 
piece on the plane of elevation. Now, as only the loweſt diagonal ends 
upon the poſt, in the plane of projection, which in the plane of elevation 


ends at b, ſo the other diagonals that end upon the faſhion piece, muſt 


likewiſe end on the faſhion piece in the plane of elevation. Their 
height muſt therefore be transferred from the plane of the projection 
to that of the elevation; ſo the ſecond diagonal will end at the point P, 
upon the faſhion piece in the plane of elevation. In like manner all the 
reſt may be transferred to the plane of elevation; and as the line that re- 
preſents the, faſhion piece upon the plane of elevation rakes aft, this will 
occaſion the line PS, which is perpendicular to the line that repreſents 
frame 9, to exceed the line M. In the triangle, the line SM reprefents 
the midſhip frame, and the line SE the poſt ; that is, if the point where 
the 80 on the poſt, be equally diſtant from frame 9, that frame 
9 is from frame 8. Now, as M h is longer than ML, we muſt draw the 


une SD without the triangle, which is to be uſed inſtead of the line SE, 


when we come to apply the diagonal HG to the triangle; for the point 
HI muſt touch the line SM, and the point G the line SE. To find the 

point D, take ML from the plane of elevation, and apply it to the 
triangle, ſo that B C ſhall be equal to it, and parallel to 3 it muſt 

alſo be contained betwixt the line 8 9 and SE. Then take þ M, and ſet 
it off from B, which will give the point D. In like manner the line'S F 
muſt be uſed, when we divide the diagonal MK; and to find the point F, 
ſet off P'S, in the plane of elevation, from B to F in the triangle; and draw 
the line SF, In the ſame manner there muſt be lines drawn for every 
Plus IV. Fg. 1 1 diagonal without the line 8 E; ſo the line S E is not uſed 
— OREN TUNG dividing the diagonals. Let it be further obſerved, that 
In applying each diagonal to the triangle, it muſt not only be contained 
Hetwirt the line 8 M, and the line correſponding to the diagonal, which is 
to be divided, but it muſt likewiſe form a certain angle with the line M 1%, 
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- that is, with that part of it which is intercepted betwixt the diagonal and 


the point 8. Theſe which appear to me to be propereſt for that pur- 
poſe are as follows: The firſt diagonal to make an angle of 60 degrees; 
the ſecond 622, the third 68, the fourth 86, the fifth 65, the ſixth 60 de- 
grees ; but the artiſts vary theſe angles according to the form they deſign 

to give to the timbers ; nay, ſome draw them always parallel to the baſe 
or the rakes. | 3 n 
Our author then proceeds to the forebody, and forms a triangle, the baſe 
, which he divides in the ſame manner as that already deſcribed, by which 
he divides each diagonal. He likewiſe ſhews how to ſpace the diagonals upon 
the ſtem; but as the artiſts leave us 75 much undetermined as. to the angles 
that each diagonal is to make with the line 8 M, when they are applied to 
the triangle, it will be very diſſicult to apply this method te practice. So 
we preſume it will be needleſs to ſay any more on that bead, judging what 
has been already ſaid ſufficient to give our readers an idea of the principles 


on which the method is grounded; we ſhall proceed therefore to the next me- 


tod be propoſes. _. SYES- Ks FFC e 
'To form the Timbers by a Quarter of a Circle. Plate IV. Fig. 2, 3. 

- 1ft. Form the midſhip frame, the Faſhion piece, the foremoſt timber, 
alſo the two balance frames, by ſome of the preceding methods. Note, 
Thoſe who'make uſe of the following merhod of forming the reſt of the tim- 
bers, are ſuppoſed to be previouſly acquainted with the manner of forming 
rhe bi, Fame, WET ws. 5 5 | 
2d. Space all the diagonals for the ribbands as directed in the pre- 
ceding method. | „ 3 1 N | 


% 


2d. From the center A, with any radius, deſcribe a quarter of a circle, 

and divide it into ſo many equal parts, that there may be a point for each 
timber to be formed, and draw the radii A 1, A 2, &c. to Ag, ſo we ſhall 

vw TT TT TR TT ITT os =. 

_ 4th. Take 4 5, the firſt diagonal, which ſet off from the point A 
, af ot ago ama a vi 
** cth. Take a c, the diſtance upon the Tower ribband, betwixt the poſt 

| ad balance frame, which in the plane of projection is the 6th frame, ſet 
off this diſtance upon a perpendicular erected upon the line A B, to in- 

terſect the radius A 6, in ſuch a manner that the perpendicular G 1 ſhall 


* : 


MESSE ES. > oo cy tb 1 
_ "6th. Produce the line C A to F, and upon this line find a point, which 

_ ſhall be the center of a circle whoſe circumference ſhall paſs through the 
point 1, before marked upon the line A C, and the point 1, now marked 
upon the radius A 6 ; deſcribe the arch through theſe two points to the 


point 1 on the line AB th. 


Ap. V. Of the Formation of Water Lines and Ribbands. 3 
- 7th, Let fall perpendiculars to the line AB from the points where the 
arch 1, 1, 1, interſects the ſeveral radii. ' Transfer theſe perpendiculars to 
the line 4 6, which will divide the lower diagonal into the points through 
which the curves of the frames muſt paſs. Note, the perpendiculars are 
not drawn, to avoid confuſion. _ wt) oe” 
After the ſame manner all the other diagonals: are graduated, firſt by 
taking the whole length of each diagonal, and ſetting them up on the 
line AC, from the youre A to the points 5, 4, 3, 1, 2, and ſecondly, by 
taking the ' ſeveral diſtances upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them ſeverally to the ra- 
dius A6, in ſuch a manner that they ſhall be contained betwixt the radius 
A 6 and the line AB, upon the perpendiculars let fall from the points 
5, 4, 3, I, 2. And, thirdly, by deſcribing arches through the points in the 
line A C, to paſs through the urg of the ſame number upon the radius 
A 6, whoſe centers are in the line AF; the arches to be produced to in- 
terſect the line A B in the points 5, 4, 3, I, 2, will interſect all the radii; 
the perpendiculars let fall from the interſections of the radii with the arch 
correſponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muſt pas. | 
The diagonals for forming the frames in the fore body are divided into 
the points through which the curves muſt paſs by the ſame operations, 
only obſer ving that frame 4 is the ballance frame for the fore body. 
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Of the Projectiuns on the horizontal Planes, a of the Water 
and Ribband Lines on the Plane of Elevation, and that of 
( 0 28 » 

FU | 211 


ATE R Lines are deſcribed upon a ſhip's bottom by the ſur- 

VV ce of the watar into which ſhe ſwims; that which determines 
how, much is under water when ſhe is loaded is called the load-water line. 
Now. it is plain, that if a ſhip is lightened, ſhe will riſe higher out of the 
Water; and if ſhe be lightened ſo as to,riſe equally afore and abaſt the 
ſurface of the water will then form another water-line parallel to the load- 


water-line,, Again, if the ſhip is lightened more, ſhe will ſtill riſe higher; 
and if the ſay Arcs ſtall continues betwixt the draught; of water abaft 
Ve 


another 7 line parallel to the two former; 


E 


£ 


and afore, we {ball 


| ee . y the ſtrait lines in the plane of erden. Sy 828 an, 2 
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fa that by this means we may deferibe as. many water lines as we pleaſe, 
all parallel to one another. 

In order to form an idea how theſe lines are: e on che differen 

lanes, let us ſuppoſe a ſhip upon the ſtocks upon a level and her 

Fare: in the ſame poſition, with reſpect to the 2orizon,. that. it is to. hbe.i in | 
the water when loaded ; we 'may NE: deſcribe ſeveral black lines upon the 
ſhip's bottom, which may be whitened for that a kerle all parally Ha 
7 8 .T bets will all be water lines, 8 


Rx 1 


FT ** cle l line of. the k „ he water 2 will 4 tepre- 
nted by. ſtrait lines e che plane of elevation. 
But if the ſpedtato 5 — to be placed underneath the middle of 


the ſhip; at any — Ng Wt. in a line perpendicular to the leve 
ground, he will then, viewing the ſhip's bottom upwards, diſcover the 
curvings of all the water lines. Theſe curyes are all projected upon a 
plane, which we muſt-imagine to be formed by a ſection of the ſhip 


through he "IT: 0 and we are, now to ſhew. how theſe are 
formed. 0 
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173 wo the Water — 0 the Horizontal Plan, 


Los the water lines to be formed be repreſented. ip 8 
projection by ſtrait lines All parallel to one 1 ME g o 


x, and T V, all parallel to one another, and the ſame Gans from the 
load- water line FV that the lines 3 5 N Nat plane of 
the projection are from it. In order to form the, horizontal 
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point E draw. the line Eg parallel to A B, five or fix fect long; lay off 
the ſame diſtance from B to F, and thro? the point F draw a line F R pa- 
filtel 10: AB, five or ſix feet longngg. e 
a⁊2d. From the points where the water lines inter ſect the ſtern poſt upon 
the plane of elevution, let fall perpendiculars. In like manner, let fall 
perpendiculars from. the points where the water lines interſect the ſtem. 
34. Take upon the water lines, inthe plane of the projection, the ſe- 
veral diſtances intercepted betwixt the middle line and the curve of the 
midſhip frame, and lay them off from the line A B in the horizontal plane, 
upon the perpendicular that repreſents the midſhip frame. Take alſo 
from the plane of projection the ſeveral diſtances iftercepted betwixt the 
middle Ine and rhe curvings of the other frames, and laythem off in the 
horizontal plane from the ne AB, upon the perpendicufars cotreſpond- 
ing to their reſpective frames, both in the fore body ant after body,” and 
curves paſſing through all theſe points will give the true form of all the 
water lines; they end forward at the points where the perpendiculars 
inter ſect the line FR. The water lines abaft which end upon the poſt in 
the plane of elevation, will end where the per pendiculars interſect the 
line Es upon the horizontal plane. But the zd and 4th water lines can- 
not end upon the poſt, by reaſon of the faſhion pieces; and in order to 
find the points where theſe ſhall: end, we muſt proceed in the following 
manner. 67 EIGHT fed > FEES 4 11. F a 1 a4] 5 . 7 BY x23!" $4.2 
To find the point where the load- Water line ends, let fall a perpendi- 
cular from the point 4, where it interſects the faſhion piece on the plane 
ol elevation, to N. Take from the plane of the projection upon the line 
that repreſents the load. water line, the diſtanee betwixt the faſhion piece 
and the mid- lige; lay this off upon the horizontal plane from the line AB 
to the point N, which will end the load- water line upon the horizontal 
plane, from Whehce it may be drawn te g; ſo g N will be the flat of 


— 1 
7 
* 


the Tuck; and to find the point g, draw a line parallel to XN thro* th 
the pomt g. We'may, after the ſame manner, find the ends of the other 
water nes that do not go to the ſtern poſt for a ſquare tucx. 
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We obſerved before; that the ribbands where thin planks nailed te all 

the frames from the poſt to the ſtem; and that when they are tarficd - - 
round, fo as to make fair curves, the form of all the filling timbets may 

be by them determined. e timbers are to he placed . 

0 | | | 2 wa e 
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the frames, which were methodically laid down in the draught. 'We-ſhall 
here further obſerve, that theſe ribbands will round two ways, one in a 
vertical, and one in an horizontal ſenſe, occaſioned by the nature of the form 
of the ſhip” s body; for they will, in carrying them about, naturally fly 
higher abaft and before than they are in midſhips, which gives them a 
vertical curve, and the narrow ing of the ſhip's breadth from the midſhips 
doth ways, gives them the horizontal ae thence they will be ene 
ſented by Xa lines on all the 5 

They are repreſented upon the plane of the projection by freight lines, 
all but the breadth ribband, which is uſually repreſented. by a curve; but 
upon the plane of elevation, and that of the horizon, they will be repre- 
ſented by curves. The reaſon of theſe different appearances ariſes from 
the different ſituations in which they are ſuppoſed. to be ns as Was 
obſerved i in reſpect of the water lines. 

Now, in order to comprehend the relation betwixt theſe horizontal 
| curves, and the lines that repreſent them upon the plane of the projection, 

it will be ſufficient to remark, that theſe horizontal curves reſult; from the 
different lengths of the perpendiculars that are ſuppoſed to be drawn in 
the plane of the projection, from the points where the lines that repreſent 
the ribbands interſe& the frames, to the middle line. Hence, if the 

s of theſe perpe ndiculars are transferred to the lines correſponding; to 
eac pal in the horizontal plane, we ſhall un hs Prone thee which 
the curve that forms the ribband muſt paſs. - 

But if theſe ribbands are to be repreſented upon a. plane placed in an 
oblique poſition to the horizon, that is to ſay, a plane that has the fame 
inclination to another Plane erected perpendigularly upon the middle line 
of the keel, that the line that repreſents that ribband, has to the middle 
- line in the plane of he projection; in . pr will have a quite 
different form from what they have upo ne of the horizon. ._ 

Now, to conceive the relation. nt [wee and the lines that repreſent - 
them the plane of the projection, it will be ſufficient to angus bg that 
if the feveral Ae taken upon each diagonal intercepted betwixt the 
middle line and the points where theſe diagonals interſect the curves. of 
the timbers in the plane of the egen I fay, if theſe be transferred 
to the lines that repreſent thoſe timbers, we ſhall have the points thro? 
which the curves that form the ribbands muſt 1 

-. Again; if theſe ribbands are to be repreſente upon the plane of eleva- 
tion, they will have a different form from any ſof the former; to find 
| which, we need only take the perpendicular diſtances. from the points. 

no Tn MT hes: curves of the ans —— 
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of the projection to the line that repreſents the upper ſide of the keel, 
and transfer them to the plane of elevation, ſetting them up from the up- 
per ſide of the keel upon the line correſponding to the timber, from 
which they were taken upon the plane of the an. This will give 
us the points thro' which their curves muſt pals. 

Having thus given a general deſcription of theſe curves, we ſhall now 


1 proverd to deſcribe them upon the different planes. 


To deferibe the Floor Ribband upon the Plane 05 Elevation. 


it. Take the perpendicular diſtance betwixt the point. a, where the 
diagonal interſects frame 9, and the lower water line in the plane of the 
projection. 1 

2d. Set up this diſtance from the point 8, Shows the lower water 558 


interſects Prat 9 in the plane of elevation, and we ſhall have a Point G, 


thro' which the curve muſt paſs, _ 
Now, it is plain, that we may, by r epeating the ſume operations, 2 
a point in each frame, thro' which the curve of the ribband muſt 


upon the plane of W * the ſame manner are all the — | 


ribbands formed. 
3 7 deſerite the Ribbands upon the Horizontal Plane. 


The breadth ribband is formed by transferring the lengths of all the 
perpendicuars that are ſuppoſed to be drawn from the points where the 


curve that repreſents this ribband interſects the timbers, to the middle line 
in the plane of the projection: This curve, in the plane of the projection, 


is drawn from the breadth in midſhips to the extremity of the wing 


tranſom. 
1ſt, Lay off the length of the wing tranſom upon the e ee NL: 
2d. Take the length of the perpendicular drawn, from the point 
— Where the curve that repreſents the breadth interſects frame q, to the 
2 in the plane of the projection; lay off this from the line A B 


the perpendicular repreſenting frame ꝙ in the horizontal plane, ta 

e point 8, which will be one of the points thro! which the curve of the 
"ibland muſt paſs. We may pr in the ſame manner to find points 
upon all the perpendiculars, both afore and abaft, ſo ſhall the curve 


L, 8, Q, 1, be the form of the breadth ribband. But to e 


nibband, the e OR ak nn ER Se i nth. 
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OO To form the Obliqueor Cant Ribbands. Tn 


' #: 
1 : 


= We obſerved dofore, that theſe ribbands could not bs engl Gels 
the horizontal plane or that of elevation; upon which account they 
were ſeldom drawn, becauſe each muſt be drawn upon a ſeparate plane. 
However, thoſe who incline to draw them may uſe the following method: 
Let it then be required to form the firſt ribband repreſented'i in the. 
plane of the projection, by the diagonal HG, 
iſt, Produce line H G to the point p in the middle lne 4 the 
plane of the projection: 
ad. Take the height of the point 5 above the line . Ves enn the 
upper {ide of the keel in midſhips, in the plane of the projection; ſet up 
this from the ſame line in the plane of elevation, on a perpendicular, upon 
the poſt, from which point let fall a perpendicular to the point F in the 
line C D, and produce all the perpendiculars that repreſent the frames to 
KS line CD; 10 F. il. n of the ribband bm che port to 
the mid{hi 
«3d. Take upo upon athealencof the pres ion, in che Aus H 55 %be diſtance 
þ G, which ſet off upon the perpendicular from the point F to. 1— 
5 4th. Take the diſtance on the diagonal from the point p in the middle | 
line to its intetſection with the frame 9. Set off this from the line CD 
upon the per 1 rj correſponding . to frame 9; this will give us a 
Point thto which the curve muſt Pals. Do the fate for all the other 
frames to'the midfhip. 
In like manner the curve for the fore part of the band is formed 
from the interſections of the diagonal 4, 3, with the curves of the frames 
in the plane of the projection ; but it is evident, this is a different plane 
from that of the line H p; e en we muſt have a different axis for 
the curve of the fore part of the ribband.” In order to which, take from 
the plane of the projettion the diagonal 4, 5; ſet off this from the point 
O to'Z, and draw the line Z X parallel to C D. We muſt like wiſe 
take the hei ght of the 7 * 4m the plane of the projection, and ſet it u 
on the dum; from which point letting fall a Fa to the line 2 Y 
we fall limit the fore end of the ribband. e points thro' which the | 
curve. muſt. paſs will be found the ame wander as thoſe for the 
after-body | L fd k 1 
The builders make ufe of the cant Iwbapds to find. the bevellip ops of 
the timbers ; for wemnft reptefent each frame as one intire piect of cir- 
- . cular timber, and being all faſtened to the keel they form the ſide of the 
ſhip. They are ſquare 9 the * ſide of the keel; but * 
YO ot 


Cnae, VII. Of the Formation of Water Lines and Ribbands. 39 

both the outſide and infide of the ſhip's fides, length · ways, form curves, 
it is plain, that the ſections of any of the frames, the midſhip only except- 
ed, will produce a ſurface in the form of a lozenge or rhombus; the an- 
gles which are formed wy theſe ſections are what are called the bevellings 
of the timber. 

The hip-wrights take theſe angles mechanically by an dunn cal- 
led a bevel; thus they draw, upon the plane of the ribband, a line parallel 
to that which repreſents the frame, and diſtant from it the whole breadth 
of the timber; and applying the ſtock of the bevel to the line that re- 
preſents the frame, and the tongue to the ribband, they have the quantity 
of the angle which forms the bevelling of the timer at that place. 

It is plain the angle 5, 4, c, which points to the midſhip frame, will be 
obtuſe, whereas the angle 5 4, d, which points to the poſt, will be acute. 

Now, as every timber has two planes, that which points to the mid- 
ſhips will have what they call a ſtanding bevelling, and that which points 
either to the poſt or ſtem will be under bevelling. 

We ſhalt ſhew+in another place how the modern builders, by putting 
the frames in an canes, op poſition to the Sol _ and abaft, leſſen the 


e, 
a . 1 Po VL 


Another Meth 1 laying — the H by ae Pu, ad 
| the Plane of Projettion. FE 


H OS E eh are well verſed in the art of PERF have een A 
method quite different from any of thoſe we have deſcribed, which. 
ſhall be the ſubject of this chapter. 

After forming the plane of elevation, and drawing all the perpendiculars 
er = ning rows N an W. enge mouſe bs obſeryed : 3 


- . * 


Art- 8 #1. 34:35 FX! AN 
2: Today! an cla ee Ribband on abe e Ali, ; 
The extremities of it an the ſtem and poſt, and the point thro” which 
it is to paſs on the maidſhip' frame are mi as directed in the preceedimg 
chapter It remains now to find the on in the balacs ae theo 
which it is tapaſs. $2 in goias;. 0 TG? Ae w 1.02 


To find the point in the fore balance frame take 4252 ey 7 parts of half the 
0 Te main 
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main breadth, which ſet off on the line that repreſents that frame | in the 
horizontal plane from K to L. 

To find the point in the balance frame abafi, take 2 28 parts of the half 
of the main breadth from M to N. It will be 'necellary; to have another 
point in the fore-body, thro' which the curve muſt paſs for which pur- 
poſe uſe the following method: | 

Divide the ſpace contained betwixt the line that repreſents the balance 
frame Ate and the rabbit of the ſtem, into two equal parts, and draw the 
line o on which ſet off the 160th part of the main breadth, which 
will give the point p, thro' which the curve is to paſs. It muft be ob- 
ſerved, that the proportions for finding theſe points may be varied accord- 
ang to the form we propoſe to give to the ribband. After the points 
H, N, Q, L, p, 5 are thus {et off, we may deſcribe the curve either by 
moulds or enz battens. | 


II. 
To lay down the Flor Ribhand 6 on the Arenal Plone. 
Aft. The height of this ribband muſt be determined both upon the 
| poſt and ſtem, from which points letting fall perpendiculars, we ſhall have 
the extremities of it on the horizontal plane, opfer xing to allow for 
the rabbit. 
2d. Take half the leogth of the midſhip! floor timber, oy ſet off on 
the line that repreſents the midſhip frame on the horizontal plane from 4 
to , which will be the point thro' which the curve muſt paſs... . | 
3d. Take 22 of the line @ s, the breadth at the midſhip frame, and ſet 
it off on the balance timber afore, from K to T, and ſet off 343 of the 
ſame _— 775 the W J timber adaſt To 6: At ane; 15 2 7 ny, 


. | 

To lay down n the after Balance Ti mber upon hs Plane of 8 
W Produce the line which repreſents it on the horizontal plane to 

the ſheer rail, on the plane of elevation, and take the diſtance upon this 

line betwixt the upper fide of the keel, and the lower edge of the ſecond 
wale, which here repreſents che breadth ribband; ſet up this from A to C 
on the of the projection, from which point draw the line Cc D, 

icular to the middle line. (Plate II. Fig. 1,2, 3.) 

ad. Take the line MN in the horizontal. lan, and gt off from D 
to E, which will 227 5 one N . whi the curve of the timber 
muſt Paſs. ee : Fa Oy 

rk Deg nn e e 34 Take 
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za, Take the height of the floor ribband, in the plane of elevation, and 


fet it up on the plane of the projection to G; from the point H, at the 
end of the floor timber, draw the line H G, which will repreſent the floor 
ribband on the plane of the projection. (Plate il. Fig. 1. 2. 3.) 
4th, Take the diſtance M V, in the horizontal plane, with a pair of 
compaſſes, and move the compaſſes with one foot, in the middle line, 
and the other in a line perpendicular to it, till it interſect the diagonal in 
- the point E, thro' which the curve of the frame muſt paſs. To thoſe 
who are acquainted with drawing, the three points E, L, F, will be ſuf- 
_ ficient to form the timber; they who incline to have another point may 
divide the line A C into two equal parts by a perpendicular M K, drawn to 
the middle line, from which ſetting off 2 of the line M K, we ſhall have 
another point thro* which the curve muſt paſs. | 
2 IV. | 
To lay down the ninth Frame abaft on the Plane of the Prajection. 

Take the height of the breadth ribband at this frame, in the plane of 
elevation, and ſet it up on the plane of the projection from F to O, and 
draw the line OP perpendicular to the middle line. (Plate II. Fig. 1. 2. 3.) 

2d, Take the diſtance X S in the horizontal plane, and ſet off from O 
to P, which will be the point thro' which the curve muſt paſs. 3 
za, Take the diſtance X Z in the horizontal plane, which ſet off from 
the middle line, to interſect the diagonal that repreſents the floor ribband, 
in the plane of projection in Q, obſerving to keep the compaſſes as before 
directed. . | | | | 
- 4th, Divide the line K O in two equal parts, and draw the line R S 
perpendicular to the middle line, ou which fet off 2885 of the line PO, 
from R to S, and draw the curve thro' the points P, S, Q, F, which will 
be the form of the ninth frame. | 


= W.> : | 
To lay down the intermediate Ribbands abaft on the Plane of the Projeion. - 


iſt, Take the diſtance betwixt the upper fide of the keel and the 
| breadth, upon the line that repreſents the midſhip frame, in the plane of 
elevation, and ſet it up from A to T, and from B to T, in the plane of 
the projection, ſo ſhall the line T T give the height of the breadth ribband 
in midſhips. | TED 


2d, Divide the curve H M T into as many equal parts as there are to 


de intermediate Ribbands ; divide alſo the curve of the ninth frame Qs P 
into the ſame number, and, thro' theſe diviſions, draw the diagonals 
which will repreſent the ribbands ys in the plate. cg 
„ . 


To lay down the firſt intermediate Ribband upon the Hortzontal Plane. 
1ft, Take the neareſt diſtance of the point V (which is the extremity 

of the diagonal in the plane of the projection) to the middle line O F, 
ſet off this on the line which repreſents the midſhip frame in the hori- 
zontal plane, which will give the point thro' which the curve muſt paſs 
at that place. After the ſame manner we may find the points in the lines 
that repreſent the balance and ninth frames in the horizontal plane. 
'2d, Take F Z, the height of the ribband upon the rabbit of the poſt, 
in the plane of the projection, and ſet it up on a perpendicular, to the 
point A, on the line that repreſents the rabbit of the poſt in the plane of 
elevation; take the neareſt diſtance of the point & to the perpendicular 
of the poſt, which ſet off from F to e, and this will be the end of the 
ribband.: So a curve paſſing thro' the points e, d, c, &, will be the form 
of the ribband. He = 5 | 


To lay down the Wing Tranſom upon the Plane of the Projettion, and on 
| „ be Horizontal Plane. . . 
iſt, Take the height of the upper fide of the wing tranſom (including 
the round up) in the plane of elevation, and fet it up in the plane of the 
jection to the point e. | „ 

2d, Take the height in the plane of elevation, without regarding the 
round up, and ſet off from F to /, and draw the line / g perpendicular 
to the middle line, on which ſet off the length of the tranſom from F 
tog, this is _ to the line G H in the horizontal plane. The curve 
ge repreſents the upper fide of the wing tranſom. _ 1 
The round aft of the tranſom is repreſented upon the horizontal plane 
by the curve LA e; HL is the ſquare end of it. | . 


TDuo lay down all the Frames in the after Body. 

All theſe are laid down in the ſame manner as the ninth and balance 
frames before defcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and ſetting them off from 
the middle line in the plane of the projection to. interſe the diagonal cor- 
reſponding to the ribband, as directed in forming the balance frame, by 
this means we ſhall divide each into as many points as there are frames: 
The curves drawn thro* theſe points will give the form of all the frames 


in the after body. 
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To lay down the Pofition of the Faſhion Piece on the Horizontal Plane. 
Let fall the perpendicular G H, from the end of the wing tranſom, 
and draw the line H, which will repreſent the plane of the faſhion piece 


5 2 the horizontal plane, obſerving to make the angle G H, about 25 
egrees. | 1 


To form the Faſhion Piece in the four manner it is to be, when put into its 
| proper place in the Sbip. | 


The faſhion piece laid down in the plane of the projection, regards 
that frame as it would appear when viewed from abaft ; but as; the faſhion 
pieces on each fide are not in one plane, as all the reſt of the frames are, 
| we ſhall be much deceived, if we imagine that the faſhion piece laid 
down in the plain of projection, will give the true form of that which 
is to be put in the ſhip. We muſt therefore lay it down upon another 
plane, and, to avoid confuſion, we ſhall ſeparate it from the plane of pro- 
jection. : : 5 
; Note, The faſhion peice, mention'd by our author, deſcribed in the plane 
of the projection, is that betwixt the ninth frame, and the curve f qo G, 
wwhich repreſents the. faſhion piece of a ſquare tuck ; it is formed in the ſame 
manner as the reſt of the frames, by tranferring the lines n m, po, Sc. in 
the bori xontal plane, to the plane of projection, to interſeft the diagonals co- 

reſponding to theſe ribbands in the points i, l, Sc: | | 
iſt, Draw the line fG, to repreſent the middle line of the plane of 
ProjeRtion. (Fig. 4. | , 1 | 
2d, Draw the line /g perpendicular to G /, to repreſent the wing 
tranſom. | | 5 et 7 
d, From i, the point where the faſhion piece interſects the floor rib- 
band in the plane of the projection, take the neareſt diſtance to the line 
Fg, which repreſents the wing tranſom, and ſet off this diſtance in Fig. 4. 
from f to h, and draw the line þ / 3 . Fo | 
4th, From the pan I, where the faſhion piece interſects the firſt in- 
termediate diagonal, in the plane of projection, take the neareſt diſtance to 
the line / g, ſet it off from f to &, in Fig. 4, and draw the line & m, paral- 
keto i. n_T CI 
— % like manner, the points where the faſhion piece interſects the 
ſecond and third diagonals in the plane of projection, are to be transferr'd 
to the points 7 and u, Fig. 4, and the lines pg, 1 o, drawn parallel 
to /g. | ö 6th, 


— 


Of the Birmation off the Fuſtiam Pie. CHAN VI 

6th, To find. the points through which the curve muſt paſs : Take 
the live EH, which repreſents the poſition of the faſhion piece upon the: 
horizontal plabe; lay this off from F to g: Again, take the diſtance /y in 
the horizontal plane; which lay off from q to p, in like manner ſet off 
the diftance / 2, from 7 to 0; and the diſtance /þ from & to m, and laſtly, 
the diſtance Ju, from h to /; "ſo a curve drawn through the Pun J, P. a, 
m. l, will give the true form of the faſhion piece. 


XI. 
TJ lay down bs Faſhion Piece upon the Plane if Elevation. 
1ſt, Take the ſeveral heights above the keel, of the points where the 
faſhion piece interſects the diagonals in the plane of projection, and trans- 
fer them to the lines o, Ps, 9, 2 J, in the plane of elevation, drawn paral- 
lel to the keel, and the ſame height above it, that their correſponding 
points are in the plane of projection. 

2d, Take the neareſt diſtance of the point 1, in the horizontal plane, 

to the line C F, the perpendicular from * head of the poſt, ſet off this 
from the ſame line in the plane of elevation upon the line p ; which will 
be the point through which the curve muſt pals. 
. 3d, In like manner the points z, y, muſt be transferr'd from the 
horizontal plane, to the plane of elevation in the points 2, y, a curve 
paſſing through theſe points will be the projection of the faſhion piece 
on the plane of elevation. 

We ſhall hear remark, that ſome builders to avoid giving a great be- 
velling to the timbers, and likewiſe that they may not require ſuch com- 
paſs timber, do change the direction of all the frames in the fore-body 
before that of the loot; 4 is, the lines that repreſent them in the hori- 

zontal plane make an acute angle with the line that repreſents the keel ; 
theſe are called cant timbers, and may be formed in the ſame manner as 
the faſhion piece, which we have now deſcribed. Tho' ſeveral builders 
form all the frames perpendicular to the keel, to have the floor timbers in 
one piece, which will be much ſtronger that when in two de and 
this will inevitably be the caſe when the timbers are canted. 

We might here ſhew how to lay down the top timbers, but as that 
under water is the moſt material, we ſhall proceed to form the tim 
fore. 


XII. 
P hay down the Frames for the Horbach 
The balance and the eighth frame muſt firſt be formed in the Game 
manner as the —B eee 


— — 
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that repreſents the breadth ribband maſt be laid down in the plane of the 
projection afore. The diagonal, which repreſents the floor ribband, muſt 
likewiſe be laid down in the plane ↄf the projection, for which purpoſe 
we mult take the height of the ribband above the keel, upon the rabbit of 
the ſtem, and ſet it upon the line that repreſents the rabbit of the poſt in 
the plane of the projection, to the point 4; from which draw a line to 
the floor head, ſo 4 5 will repreſent the floor ribband. | 


XIII. 


To ſpace the Diagonals that repreſent the Ribbands afore, in the Plane 
of the Projection. 


1ſt. As the points of their interſection at the midſhip frame are the 
fame afore that they are abaft, we need only transfer them from abaft to 
the fore body. ity ö 
2d. Take the height of the breadth ribband upon the ſtem, in the 
plane of elevation, and ſet it up from F to 17 in the plane of projection. 
3d. Divide the diſtance betwixt 4 and 17 into four equal parts, which 
will give the points in the plane of projection, where the immediate dia- 
gonals end on the ſtem. | 1 
Acter the diagonals are drawn in the plane of the projection, the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames may be laid down in the plane of projection, in the very 
ſame manner that the horizontal ribbands and the frames for the after- 
body were laid down. e Co DE 
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CHAP. VII. 


General Remarks on Ship Building. 


5 LL the rules we have hitherto laid down, collected from the prin- 
1 cipal dimenſions of ſhips built by the moſt eminent maſters, ſhould 
only be ſo far regarded as they may aſſiſt the artiſt in forming the body 
in ſuch a manner as to produce effects anſwerable to the ſervice for which 
the veſſel is defigned. 8 

In order to qualify. a builder for ſuch an undertaking, it is neceſſary he 
ſhould underſtand the nature of fluids, and of ſuch bodies as will float in 
the water ; when he has made himſelf acquainted with theſe, I would 
recommend him to M. Boyguer's treatiſe on ſhip-building, 


The pri ncipal Qualities belonging fo Ships. 


ſt. To be able to carry a good ſai), not only becauſe, in forming the 
body, the water lines are all ſuppoſed to be deſcribed when a ſhip' is up- 
right in the water, but likewiſe for doubling a cape, or getting off a - 
lee ſhore, which will be impoſſible to be done when a ſhip Res over in 
the water, this will likewife render her lower tier, if not all her guns, 
: 2d. A ſhip ſhould ſteer well, and feel the leaſt motion of the helm. 
3d. A ſhip ſhould carry her lower tier of guns four feet and a half, or 
five feet out of the water, otherwile a great ſhip, that cannot open her 
ports upon a wind, but in ſmooth water, may be taken by a ſmall one, 
that can make uſe of her guns, or ſhe-muſt bare away before the wind, 
to have the uſe of her guns; on which account it will be proper to raiſe 


the ports higher before than in midſhips, becauſe the fore part of the 


ſhip is often preſſed into the water by carrying fail. 5 
4th. A ſhip ſhould be duly poiſed, ſo as not to dive or pitch hard, but 
go ſmooth and eaſy through the water, riſing to the ſea when it runs high, 
and the ſhip under her courſes, or lying to under a mainſail, otherwiſe 
| ſhe. will he in danger of carrying away her maſts. - ED 

th. A ſhip ſhould fail well before the wind; large, but chiefly cloſe 
hawled, keep a good wind, not fall off to the leeward, N 
No the great difficulty conſiſts in uniting ſo many different qualities 
in one ſhip, which ſeems indeed to be impoſſible; the whole art therefore 


* - conſiſts in forming the body in ſuch a manner, that none of theſe qualities 


hall be entirely deſtroyed, and in giving the preference to that which is moſt 
required in the particular ſervice for which the veſſel is built; in order to 
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| which, it will be neceſſary to know, at leaſt nearly, what form will give a 
veſſel one of theſe qualities, conſidered abſtractly from the reſt, 


| To make a Ship carry a good Sail. 


A flat floor amber, and ſomewhat long, or the lower futtock pretty 
round, a ſtreight upper futtock, the top timber to throw the breadth out 


| aloft; at any rate to carry her main breadth as high as the lower deck: 


Now, if the rigging be well adapted to ſuch a body, and the upper works 
lightened as much as poſſible, fo that they all concur to lower the center 
af gravity, there will be no room to doubt of her carrying a good fail. 


To make @ Ship fleer well, and quickly anfwer the Helm. 


If the faſhion pieces be well formed, and the tuck carried pretty high ; 
the midſhip frame carried pretty forward; a conſiderable difference of the 
draught of water abaft more than afore; a great rake forward, and none 
abaft ; a ſnug quarter-deck and forecaſtle, all theſe will make a ſhip ſteer 
well; but to make her feel the leaſt motion of her helm, it will be ne- 
ceſſary to regard her maſts. There is one thing not to be forgot, that a 
ſhip which goes well will certainly ſteer well. 


To make 4 Ship carry her Guns well out of the Water. 


Ls is plain, that a long floor timber, and not of a great riſing; a very 
full e as and low tuck with light * works, wil make a 2 
ſhip carry her guns high. 

E make a Ship go ſmoothly through the Water without pitching Bard. 

A long keel, a long floor, not to riſe too high afore and abaft, the area 


or ſpace contained in the fore body, duly proportioned to that of the after 


body, according to the reſpective weights they are to carry; all theſe are 
. to make a ſhip go ſmoothly through the water. 


| To make @ Ship keep. a good Wind. 


A a bo. n by the KS, bi 8 hit le pee I 


which will occafion her to have a ſhort floor timber, and great riſing. 
As fuch a ſhip will mect with great reſiſtance in 'the water, going over 


the broad- ſide, and little when going ahead, . ſhe will not [fall much to 


the leeward. 
Now, ſome builders imagine that it is not poſſible to make a ſhip Carry. 
ber guns well, carry a * fail, and to be a prime failer, „ 
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would require a very full bottom to gain the firſt two qualities, whereas a 
ſharp ſhip will beſt anſwer for the latter; but when it is conſidered that 
a full ſhip will carry a great deal more fail than a ſharp one, a good artiſt 
may fo form the body as to have all theſe three good qualities, and likewiſe 
ſteer well, for which purpoſe I would recommend ſomewhat in length 
more than has been formerly praftiſed. . 5 
Aſtet what has been ſaid upon this head, I believe it will not be thought 
impoſſible to unite all theſe different qualities in one ſhip, ſo that all of 
them may be diſcerned in ſome degree of eminence ; but when it happens 
otherwiſe, the fault muſt be owing to the builder, who has not applied 
himfelf to ſtudy the fundamental rules and principles of his act. 
Excepting fome antient builders, who were happily born with a natural 
genius, and our moderns, who being inſtructed in the principles of the 
mathematics, have truly laboured very hard to make a progreſs in the art 
of ſhipbuilding, one may, without violating the truth, affirm that the 
greateſt part fatisfy themfelves with copying ſuch ſhips as they eſteem 
good ſaiſers, and it is theſe ſervile mechanick methods, which, to the great 


_ reproach of the art, are but too common, that have produced all theſe 


pretended rules of proportion, all theſe methods of deſcribing the mid- 


" ſhip frame, and forming the reft of the timbers, which every builder en- 


deavours if poſſible to conceal, and keep wholly in his own family. 
How low and mean is this? it is as if a great architect ſhould endeavour 
to conceal the proportions of the different orders of architecture; whereas 
they are publiſhed every where, and ſo well known that many can raife a 
very beautiful porch or triumphal arch; but tho' the methods of deſeribing 
the midſhip frame, and forming the reſt of the timbers, be known to 
moſt apprentices, yet we have but few good maſter builders: This re- 
quires more than thoſe mechanick rules; they ſhould at leaſt have ſuch a 
knowledge of the mathematicks, phyſicks, mechanicks, of the nature of 
ſolids and fluids, as to be able to diſcover what figure would procure ſome 
good quality, without hazarding or putting a bad one in its place, 
Let us ſuppoſe one to have a collection of draughts of a vaſt number 
of ſhips, and whoſe good and bad qualities have been remarked with all 
poſſible exactneſs, ſuch a valuable treaſure would be of great ſervice to a 
perſon who could calculate preciſely by the draughts where the fault lay, 
and how it might be rectified. For inſtance, ſuppoſe a ſhip fails well, 
but carries her guns too low, a builder who is not acquainted with theſe 


© principles would raiſe her deck, in conſequence of which ſhe: would not 


fail well; whereas, one that could exactly calculate how much the re- 
ſiſtance of the fluid is diminiſhed upon the prow, would take great care 
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to add no more to any of the other parts than he could find by an exact 
calculation might be done without augmenting the reſiſtance in the 
fluids. 

M. Bouguer has publiſhed ſeveral uſeful problems for making theſe 
calculations, 1 which we refer the reader, and only explain what regards 


the height of the gun deck, pl 00s reſiſtance of * fluid, in one ex- 
* of a 70 gun * „ 
e HA f. VII. | 
To brew 1 the Drag bow high a Ship will carry ber Gu. out of 
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HIS i is only to kliow if, when a ſhip is loaded with all her ammuni- 
tions and proviſions on board, and ready to fail, her ſeat inthe water 
will then agree exactly with the load water line in the draught, 

It may be demonſtrated by ſeveral experiments, that any floating boch 

of whatſoever figure will juſt ſink ſo far in the water as to diſplace a 
bulk of water of equal weight with itſelf. 

Hence it will be neceflary, firſt to find a method of calculating the ex- 
act weight of a ſhip ready. equipt for ſea, and ſecondly, to know ; —— 
weight e che water the hip diſplaces, when loaded to the, wt line in 
the draug ht. : 

In Siler to the firſt, the exact weight of all the timber, iron, lead, 

maſts, ſails, rigging, and in ſhort of all the materials, men, proviſions, 
4 and every thing elſe on board the ſhip muſt be known. 

It muſt be confeſſed that this is a very laborieus taſk; yet the zeal of 
our modern builders: has ſurmounted all theſe difficulties; and got the 
exact weight of a ſhip of each claſs, with all its furniture, and fix months 
proviſions on board. It will be ſufficient for our purpoſe to give the par- 
ticulars, of the two following, one of 30 and another of 50 guns, both 
ready equipt for ſea, PR fix n. ne on board. | 
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wy far cobick foot of ſalt water: being ſu 


-73459 will weigh e Ib. or 271 
73459 3z cubick feet 


— 2718 tuns. 


my 110 a; bas 1241 £413 To 


e are pretty near the ſame . 
f guns, ail we may have the exact pls of 


Rite of water, 9g .comp! 
of that columrt of water which i is diſplaced by the ſh 


ide wel hs ,2748 tuns, ſhe mu 
is 
ſalt water, we may thence conclude that ſhe 
a if the weight of an fin which is to be laid down in 
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17 W She? into the 
containing why 59 3+ cubick 
oſed to weigh 74 1b, the 
tuns, or if ſhe diſplaces 


ccnAr. vin. To find bow high 4 Ship will carry ber Guns: 53 
the draught be known ; as, for inſtance, that if a ſhip of 78 guns, is 2350 
tons, we may with certainty know if the water line in the * be pro- 

perly placed, only by reducing the bottom inta cubick feet. 

The antient builders were unacquainted with the manner of perform - 
ing this, but our moderns make an exact calculation of the contents of 
the bottom before they begin to build, whereby they will be ſure to keep 
the lower tier of guns well out of the water. f 
If a ſhip's body were any regular figure, the ſolid contents of it could 
eaſily be fl | | 
be ſatisfied with dividing it into ſeveral parts, of which we may have a 
great number, and they will thereby become ſo ſmall, that they may, 
without any ſenſible error, be eſteemed as regular figures, limited by ſtreight 
lines, tho' ſome of them are actually curves. FFV 


In the draught of the 70 gun ſhip which we have laid down, the bottom 


is divided on the plain of elevation into ſeveral parts, in a vertical way, 


by the lines that repreſent the frames; and in an horizontal way by the 
| water lines; ſo that the whole may be ſaid to be divided into fo many 
parallelopipedons, A, B, C, D, or a, b, c, d, contained betwixt the two 
frames 6 and 7, and limited on the ſide AB by a plain ſuppoſed to be 
erected vertically upon the keel, and on the other ſide by the round of 
the outſide, of the ſhip, at the height of the breadth water line, or ac. Now 
it is ve 
of this Bled, is leſs than the area of the ſurface, which limits the upper 
part: But if we increaſe the water lines and frames, we may find the ſolid 
contents to a ſufficient exaQneſs for our purpoſe. F 
Nov, in order to find the area of the upper ſurface AB C D, let AC 
be 16 feet 11 inches, and BD 13 feet 6 inches; add theſe two, the ſum 


* * 


the frames, the product is 121 


— 


| feet 8 inches, the area of the upper ſurface 
of the parallelopipedon. | ws FH: | 


F x 


The area of the lower ſurface of the parallelopipedon may be found 


after the ſame manner, which ſuppoſe 97 feet 4 inches. Now, if theſe 
two areas be added together, their ſum will be 219 feet, the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by a b, the 
diſtance betwixt the water lines, which ſuppoſe 4 feet 4 inches, produces 


474 feet 6 inches <TuDick, 4 | 2 
By the ſame proceſs we may find the ſolid contents of the other parallo- 
pipeds, and addin ding them together, and doubling that ſum, We hall have 
35s 1 1 $2464 IA 9 N e . Le & ba 815 bs ! — 5 Sh * - 3 e nn; the 
620 Fr 5 * ) 
| L * ; , 
4 0 2 


und geometrically, but as the caſe is quite otherwiſe, we muſt 


plain that the area of the ſurface, which limits the lower part 


is zo feet 5 inches, the half of Which is 15 feet 2 inches and a half, and 
this ſum multiplied by A B, which ſuppoſe 8 feet, the diſtance betwixt 
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5 To fi d bow high a Ship will carry her Guns. 0 Ca v. VIII, 
the ſolid content of the whole bottom of the ſhip in cubick. feet to a 


tufficient degree of exactneGs. | 


I made ge of this method before M. Bouguer's treatiſe was publiſhed, 
where there is one which is more convenient and expeditious, for, in- 
Qead of finding the area of every fingle ſurface contained betwixt the 
| frames upon the ſection of a water line, he finds by one operation the 
area of the whole ſurface formed by the horizontal ſection or water Tins , 
Except that part intercepted betwixt the aftermoſt frame and the poſt, 
and the part contained betwixt the foremoſt frame and the ſtem, which, 
pon accoupt of the rake muſt be meaſured ſeperately, as alſo all that lies 
een en eee 
/// ]%»”- ⁰ͤ ⁵⁰⁰mwmd TRE og 
Fake the lengths of all the lines that repreſent the frames on the hori- 
zontal plane, add all theſe together, excepting the foremoſt and aftermoſt, 
of which take only one half of each, ſo if it were required to find the 
area of the ſurface formed by a horizontal ſection in the plane of the load 
water line, it will be 4 22 +BD--AC-HHALK, & - + KSxAB, 
2 10 to be the diſtance betwixt the frames equally ſpaced betwixt 
r WP. e 


1 


Jo demonſtrate this, let it be conſidered by what operation the two 
trapezia ABD C and HIAC are meaſured. We obſerve in the proceeding 
article that this was performed by aden the length of the lines BD and 
AC PR and then taking half that ſum ; t 5 GR of the lines Ac 
and II , muſt likewiſe be added together, and t e half of that ſum taken ; 

now it is evident that it will be the ſame thing to take half the line BD, 


- 


- 


gether, becauſe the line AC, is common tq both the trapezia. 
+. After the areas of all the water lines are thus found, the ſolid” content 
af the ſpace ęontained betwixt the water lines may be had by multiplying 
95 area by the diſtance between the water lines; But, becauſe the areas 
0 


the two furfaces which limits this part are unequal, àa mean area muſt 


e found; this is half the ſum of the two areas, ſo that all that is now to 
be done, is to add the areas of the water lines into one ſum, excepting 
that of the upermolt ang lowermoſt, of which only one half of each muff 
be taken, and if this ſum is multiplied by the diſtance betwixt the water 
- lines, the product will give half the ſolid content of the bottom, ay bl 
| It from 
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ing that the water lines in the plain of elevation be oqually di 
l We this method in findi 
90 gun ſhip laid down in the draught... 
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The „ nate is divided into eight, and the aſter into nine equal parts, 
bhefides that betwixt the aftermoſt timber and. the poſt, and that betwixt 
the foremoſt timber and the ſtem. . 

The bottom is likewiſe divided into four equal parts by water lines drawn 
parallel to the load water line, all which are formed upon the horizontal 
Plane; for it will be very uſeful to know the ſalid content of each parti- 
* cular part contained betwixt the water lines, alſo to diſtinguiſh that of the 
fore body from the after body, whereby we may- be enabled to know if 
the weight be duly poiſed: We ſhall conſider all this in the following 
calculation. 

Note, there muſt be four inde added to each line that re; epreſents he frames 
in the horizontal plane for the thickneſs of the plank, that being nearly a 
mean betwixt the thickneſs of the plank next the wale, and that next the _ 


The Area of the Upper Water Line abaft. | me 


The breadth of the ſurface at the load water line, upon the midfhip 2 
2 4 Qis 21 feet 2 inches, 4 
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feet. inch. 


one haf is | — . 5 5 
C iſt Frame — — — 21 2 | —_ 
, 4 4th Frame, | —— A 822 
: hy Ern Frame 5 ane I BEE 17 a 
* 7th Frame : 1 eee e, 7 1 5 | | 4 . » 
8th Frame — tx 
| The gh Fre XS i 1 feet inches one haf of which is e | 
Which total doubled is 343 feet 21 inches; and multiplied by 8, ws 7 --- = 
*  - the diſtance betwixt the frames, is the whole area of the 25 32 4 _— 
line, from the midſhip to the after frame, in cubick feet = 
10 this muſt be added the area of the trapezium XSL e Bs 
| dhe ben lines XS and Le is lo feet e : 
betwixt them is 1 2 
5 lich ben Rout 3 19 | = | 
5 | The whole area in cubick feet 294 _ = 


| Hi ufini the fins 8 we may find the areas of all che chr Water 


| lines; and addin alt thoſe ens ether, excepting that of the firſt and 
fifth, of which 8 only one tl multiply this fum by 4 feet 5 inches, 
PH | which 
* = 


„ Toft bow bigh u 5p will cabry kr Guns, | 1 
| which is the diſtance betwixt them, we ſhall have the area 10 nbjckfect LE 
_ EZ, of that part of the ſhip abaft the midſhip 1 ee n the 3 
pe ny water We, and load water hoe. 1 | 


= ENDIF Ar the n toad react Bins" — "1472 
Whole area of the 4th water line te ET 2516. 
5 Whole area of the 3d water line— — 2052 
1 . Whole area of the 2d water line —: : 1452 
1 | Half the area of the 1ſt water line „ CEBS4; 
1 Total 763 * 
Multiplied by the diſtance betwirt the water lines —— 4 
| Product in cubick feet betwixt the lower and load water line 3 37 36 
ö Betwixt the lower water line and keel ——ů 333 
Keel and poſt — 101 
—_ . - Cubick ft. abaft the midſhip frameunder waterway loaded 34171 
coC.ubick ft. before the midſhip frame under mers when loud, 28928 
3 Total cubick feet under water 63100 
= Multiply by the weight ofa cubick foot of ſalt water — poun 
1 We f the whole. ith al her fur On ee 
_— 4 or t 
1 | Ha the whcks tip is — 4661499 - "INE 1498 


We have omitted the operation * fore part, becauſe it is perfor d 
exactly by the ſame the operation for the 6 5 3 why 
4 TD It 103 be obſerved, that in finding the cubick feet of that part contained 
1 bdetwixt the lower water line and upper fide of the keel, we muſt take 

3 the heights of all the frames intercepted betwixt theſe. two lines, and di- 
_ vide their ſum by the number of frames * In midſhip, the quoteent 
1 Will be 1 foot ꝙ inches g lines. 


- * | ? | » Lox . * 4 A . Feet In. Lines 8 | 
—_— The area of thi lower water line is —— 288 6 +” -. 


_— e the * bde of the dee! — „ 
— 4 Total” 368 0. 4 1 
1 8 5 One e half 3 17% ©. 2 
1 Area of that par coi t 2 en keel. 1833; "Wb N F 
The uſe of the — calculation is to know if the load water line 
—_ - upon the draught 15 properly placed. 
—_—  Þ- It has been found that a thip of 70 guns, with every thing on board. 
—_ -- ' ſhould weigh nearly 2350 tons, Which is only 15 tons 1297 pound more. 
_  _ than what is found by calculating from the load water line in the draught; 
=. difference would. ee em 
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Cnar. IX. Of the RofPatice of Fluids. 77 
water it is not worth the re einge But then by this calculation we 
diſcover that the ſhip is tos lean; before ; for whereas the fore part ſhould 
exceed the after part by 30 tuns, we find, by this calculation, that the after - 
r- exceeds the fore part by 193 tuns 1995 pounds. 7 
Upon this account ve muſt conſider carefully — the mid{hip frime is 
properly placed; it is here g feet before the middle. If the midſhip 
frame was exactly in the middle it would augment the weight of the fore 
part 102 tuns 30% pounds, ant diminiſh that of the after part exactly the 
ſame quantity, by which means the fore part would be 1172 tuns 1014 
pounds, and the after. part 1162 tuns. Now we may fill out the fore 
Part, ſo as to gain 15 tuns 636 pounds, which was deficient, to make the 


calculation taken from the draught agree with 1 1 


fror a ſhip of 70 guns fitted out for ſea, With ſix months proviſion an 
board; and the fore · body will weigh 25 a. 12 * 5 PIR N e wr 
lips ey n may be N CF 
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'to | calculate 67 ef as of * Wa ater. opens a the 
ere Par: of the Ship. | 


I ay e rei ellis ns Ms a As, 
. +. F--motios, attack the ſolids that oppoſe them, as bridges milk, rm 


» 
ky 


with ſuch violence as to n. Wales hams ant} ch agrecable wy | 


the very nature of fluids. 

PFor all fluids are an a of, a. pro odigious. . number of Gnall lid 
bodies of a globular form, each of which being eaſily; put in motion will 
act upon any: ſurface with the 7 — — any other ſolid body of the 


like — would do. But as theſe particles. have but a very ſmall cohe- 
ſion with each other, ese act with the Hae force as ſolids hank 
have their parts united. 


A maſs of water of 20 ub * lr * act W che 3 3 


dimenfions; becauſe the whole maſs of ice having its parts ſo united to- 
gether ——— e, without the other, it gives the blow with 
the united. force of all the parts at once, whereas the — 
the maſs of water, being but ſlightly united, they cannot act jointhy o in 
concert, and they exert their force one after another; they indeed 4 
one another immediately, and are a little united by weiten x 
29071149 us ni 278 2591 ll 2713 n £19! 12 lie 2birt. Jo e 
, og 1 ludibavqr2y al radw nads Gnomes ads of agi 
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A a bridge which oppoſes it, r e e eee 1 
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- Py ö 


Of: 45 Refine Fit, Cu Ar. IX. 
fore; but as every pac, lhas its ewn pebuliar velocity, ſo it makes its ef- 
ort ingly by itſeif, ar , beiag cafity put it motion, it will be as eaſily 

7 999 — che 8 _— r together / * 

weight of thoſe that coe nent then. 

+ »Phaids have a continual effort, — abies e een nuenber en 
| produced their offect they: are ſucceeded: by >6chers as long as the cut- 
Went last ig: ods f bio I albhirtt tl: ni VD cow gibi 
Hence it will follow, thay het u vefel i deft to þ We cf the r- 
ver, it can receive no more velocity than the current has, and its un 

"ll Wee eee rape is eq wal to that of the curtent. 

If, on the contrary, floatin — dnoticn 46a conthityp 
den ch that of * — will de eentinually retarded, till it 
| pas; and: then it will ekange its direction e follow chat of the current. 

We Uſhall dere cemark, what & is indifferemm Whether we aſcribe the 

motion to the ſolid or to the fluid for che impreſſion of the water upon 
the ſhip's ſtem is the ſame when under fail, as when at an anchor, provi- 

by motion of the dune beequal to that which the hip _ 
n 

Tha effort of fluids is 4s the ſquare the ve anrrent. 

I very plain that the more man 'the melody ofthe the greater” wil 

the e of the fluid bj for the parts WII chen ſhock the 80 folid with 

greaterf force than when it runs flowly ; ſo that the force is a 2 in 
nto che velocity. *"Again; the number of the parts of the fluid 

Ahat Meike che felid in any ſpace of time, i; in —.— e che velocity 
uf che ourront; for the fader it runs the gioater u in be tte number of the 

parts that ſtrike the ſolid in a ſpace of time; ſo chat not only the effort 
iof the fluid, but fikewiſe the wbtnber f parts that Attack the ſolid, is 
angmemed in prephreien yo the velocity of the eurrem, and when theſe 

Into are united; the effort Of che fluid Wal be in à duplicate'ratio pf the 
velocity j ſo that if the velocity he desbled, the rock w be quadrapled. 
— — 4 hip po b the water; the greater will be che 
reſiſtance ſhe meets with, and this will be F en „er- ratio 
— 5 — {$716175 os. 0 ws 45 
The improtion of” a ffoid nereales che farſaces hel of ö 
eee 2 porred 207 to tht lo: 37 is 
unis wery plain: Gt Joubls another 
DENIES: ofthe parts of the furd, and of of 


Frames have the 


ſt capacity with Sadades £5 nf üben zu 
"| The efforts of fluids | will be loſs when the ſurfaces are in an oblique 
Rs cog. : "$M 


Cuar. IN, Of the Reftance. of 


Plate IV. Fig 7-] Let EA repreſent the curls ör the fluid ſetting pe 
pendicularly on any body AB; itt is plain, that it receives the impr 


col all the parts of the fluid contained between A and B; whereas, if * 


point B be moved to D, the parts of the water contained betwixt B and 
G will have no impreſſion upon A D. Hence the quantity of the fluid 
which attacks A B is to that which. attacks A D as A B is to A G; 
that, is, as che mae mee ee le of incidence EA D. But 
if there were no other jg 97 He. J | by this oblique. poſition, than 
being expoſed to, fewer pa fluid, it would be w very little 


ſer vice to a ſhip which — 3 4 ſufficient becadth, ſuppoſe A BY 3 it . 


VII. 9 0 the ſides of which will be proportie 
8 moved, e ee 


lain, the number of the parts of the fluid which give the impreſſion 
ba Gn, when the kr part of the he is RE rn 
when it is flat in the form A Ba be ef, which, exerts, its es - 
on the ſurface A DB.. does not a e when 
exerts its. force on A B. becauſe 3 each particle of wa 
which ſtrikes any Aries els, may be reſolved, into twa. dren, 
one perpendicular, and the other 2 8 57 to the plane. 
In order to give us an idea of compound motions, and of the refolu 
of their — 2 let vs ſuppoſe two rulers A & and B Be (Plate LV. Fig. * 
aced a Ref oi ve es ae ok re Fi te theres {mall ball C 5 
li 


—. the 


— — W I * 
ives at 
his the, ball will ee the. d 


eee e 

Vil, 1 arrive 77. 0 

2 rae . E z. * Ach Oi 1 * [; oh As 
Now f we ſubſtitute any other two aþ5 place of the rulers, 

| Derr ppaſed to Grike the, ball with equal 

c Ee wth 

dia vy 

be Gel which the ocher hammer ele if ball, as 7 to 3, then 


Tos” S - 
che ball will move-in he line ED, My” 
1 : * 3 1 
3 vn 21 rg 5405 To n n 3'b acts Ae Ae r n 1 1 * 
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The principal Effect. of Compound Motions.” ( Plate IV. Pig: 6. 
t two powers C and B act with equal force on the body A, that is to 
. that the power C would drive to B in the fame time that the power 
B would drive it to C; in the contrary directions of the lines C A and 
BA, the body A will remain at reft ; but if one of the powers acts with 
greater force than the other, the body wilt follow the direction of that 
Which predominates, diminiſhed by be Be bop of the ſmaller force. 
2d, If two powers Dand E act u A in the ſame direction, 
viz. in the lines D A and E A, che rden A we follow the direction of 
both. and paſs through the point F, ot, this only difference, that it will 
go with greater velocity 45 impelled by both powers than with one. 
d, Let the two powers 85 and H lle the ſolid A, in the difeRion 
of 5 5 Hines G A A FA, it will theteby receive a compound motion, 
the forct and direction of Which ma may” be ex ffed by d the ene or a 
parallelogram, as was before obferved. e 
In order to conſtruct this e ch 5 is called the reſolution 
of the forces, let the two powers G and H be ſupp ſed equal and ex- 
preſſed by the he et. Ks e wok — pot ey ay he tine EG 
1 111 Hel to HA; from the point aw the line E H 1 
A fol hg 'and d the diago nal EA A (the fefült of the two —— 
5 by the fides of the ori HA and G A) ſhall expreſs 
d cee ne direction of the compound motion; the effect of which 
= -be, hat, the — A will be carried through the point F. But ſuppo- 
g che forces unequal, an nd let that H Eg ” 9.) repreſented by the line 
H Fi he double that of G, preſet phe in K Athen from the pe in 
R draw the line N S equal and rallel 60, H A, Rich fhall cxptels 
force and direction of the power I and 2 the; point H draw the line H J 
allel to R A, which will expre fs N . and direction of the power 
geb eil gat th kee the r —_ of the body A, 


| e 121 creas, of Il AA E qu 


ittraQive powers 2 25 and'C 
wo impulive powers at G and H, a 


| þ Ita nie acl 43:0 YU ; —³ TS 
ra abs e ot ET; ENCE 8...) fits N le * 

i Mt. The acuter the angle of the direction of the power is, the nearer 

will they approach to one direction, and act with greater force; ſo the 

reſult of G and H — pabedng I, ſuppoſing the . 


Char. IX. Of the Refiftance of ad. 5 

A e greateſt effect of two powers is, when they both act in the 
fame direction, and the leaſt when they act in contrary directions. 

Id. When two equal powers act in fuch a direction that they form an 
angle of 120 degrees, as A K and AI; in this and in no other caſe, the 
reſult will be equal to the ſingle force of Al or AK; it only changes the 
direction; for when the two powers act jointly, A will be carried to F, 
whereas if K only acted, it would be carried to T; or if I only acted, 
A would be carried to V if L ny acts it will be. carried to V3 if M 
only acts it will be carried to T. 

4th. If the direction of two powers make an angle leſs than 120 de- 
grees, as G A and HA, they will aſſiſt one another; but if they form an 
angle greater than 120 degrees as LA and A M, 150 will be wenne | 
cally diminiſhed. 5 


The . Reſults of 4 Motion impreſſed Sr "a + 4 A; in Relation o 4 
SBrurface ab, which oppoſes itt Not ion. (Plate W. Fig. 6. 


_ It. When a body ſtrikes a furface obliquely it wilt be with leſs heb 
than when it ſtrikes it perpendicularly ; for it may ftrike it fo obliquely. as 
only to graze along it; between the perpendicular ſhock, which is the 
. greateſt, and the oblique, which approaches neareſt to a parallel to the 

furface, chere may be an infinite number of directions, leſs or more ob- 
lique, and the ſurface will be ſtruck with more or lefs force. 
2d, If the two powers are united in D, they will act, in the direction 
D F, with great force upon a 6, becauſe they not only act Jointly,” but 
likewiſe i in a perpendicular direction upon the ſurface a 9. 
30, If the two powers be equal in force, and act in the direction c he 
ſines G A and HA, the body A will alſo fall b. Beg r off Fa 
furface ab, but with leſs, force than ! in the firſt le N the ob 
ny of the directions. 
4th. If the power H hive asd the free of the power & ' ther "YY 
5 At H ion will be changed into the line SA, (Fig. g.) and Ki body. wilt 
ſtrike the ſurface obliquely in the direction of ths 1 8 T, but With 
leſs force than in the ſecond caſe, not only on account of the = 
of the force of the Fe 6, but alſo an account af the obliquity ct 8 
Fth. te will TY indifferent Ae © the boy A receives its impulſe 


from one ſingle power, or from two, fo that it ſtrikes the :furface = 
the ſame direction. Hence we fhall have no occafion td. con 
powers which give the motion, but only the HOO the Goa 
which they wil the ſurface. 

_ ++ &h, It will * the fame effect, W we change the line of 


G2 . Of tbe Refiance of Fluids. Car. Ix. 
direction, in which the body A ftrikes the ſurface a6, or change the 25 | 
fition' of the ſurface à 5 in reſpect of the line of direction. 

From what has been ſaid, it will follow, that if the common effect of | 
ce powers acting upon the ſame body be known, and alſo the direction 
© atid force of one of them, then the pr $5220 and force of the other may. 
be found; for let the body C (Fig. 5.) be catried to the point D by the 
action of two powers, and one re OS ented by the line C, VII; draw. the 


Ime D 3 equal and parallel to C, II. and compleat the 1 ram, T7 
Hall © 3 Thick the force of *:A other power. * 5 aal 128 


5 8 
E 1 (1 


- The Application of what bas been ſaid to the Shook of Fluids. 


| wr have hitherto confidered the ſhock of a folid body i in Aiﬀertn 2 705 

teckions upon the ſurface of another ſolid, but we will readily grant that 
fluids do not act in the ſhock in the ame manner that ſolids o. K is 
very probable, that Wen] a fluid falls ndiculatly-upon 4 ſurface, 


there is a maſs of water that teſts knmo before the hurbsee, Which 


occupies the place of a folid b and. has e the (ame effect as if 
the urface, was round, oy that RET 


poſes it in a direction pt 


Water 2 0 attack a lu Fo 


icle af woe tay he ole into. one 5 


el to it. 


e to, er 2 FE: 1955 AO our 


8 the vec and direction of the current) making B 
2950 c EH popendicutar © 4. The dagonal'B A. 
e a puck of water and er. will be the:refalt. of 
zotion ſuppoſes uged by: two powers, one lel te A C. 
force; as 85 ion is ebene by, BF, the ſide of tha 
e ee endicu 5 eee the fide 


ad * the ines 

direct ſhock is to that 

ſquare of the ſine of 

t incid e article E A, (which 
Te e Sha ee (rat Pega effect of the 

ot Wes the body _ en Sara 
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" Cnay. IX. of the Refiftance of - Fluid. 63 3 
as EA is to EH; but E A is to EH as A B, the fine of the right an- | 1 
gle, is to AG, the fine of the obli que angle of incidence. But it was 1 
0 obſerved that the ſum of wo. rticles that ſtrike A B is to the 
ſum of the particles that ſtrike A C as che radius is to the ſine of the angle 
of incidence. 152 85 by multiplying the effort of one particle, by the 
mu of that fie AB, (chat is, the effort of the whole water 
pon AB) is ON the effart of one particle by the number of 

8 that fall up A that is, the effort of the whole fluid upon 
ger A) we ſhall A * following proportion: The effort of the whole 
fluid upon A B is to its effort upon A C, as the ſquare of the radius is to 
the ſquare of the fine of the angle of incidence. 

When the ſurfaces A B and A D, which oppoſe the current AE, are 
unequal (Plate IV. Hg. 10.) the quantities of water which ſtrike theſe 
furfaces are as the product af the ſurfaces by the fines of the angles of in- 
cidence ; from whence we ſhall have the following proportion: The ef- 
fart of the fluid upon A D is to that upon AB, as the ſquare of AG, the 
fine of the angle of incidence multiplied: by the ſurface A D, is 70 the 
| ee of A B. the radius, multiplied by the ſurface AB. 


2 4 CONSEQUENCES. 


. aft 8 ſurfaces, expoſed to the ſame current, receive its ſhoc 

in different obliquities, the impreſſions. wall be da one another a8 the i= 
« the fines of the angle of incidence. 

3200 Ah 1 a the currentoan receive no ſhock, becauls there 


1 ſurfaces are expoſed to the Se ene 999 · 
N Bina dey rec by th ſhock in different obliquities, are to 
% ² ( ines of the angles of elde. 
and of the ſurkices that eise the eck. F 

Ach. If two equal ſurfaces receive the thock of two. oa. currents, | 
the impr eſſions will be to one another as the products of the e, 
the velocities, and Say apes the angles = incidence. ? 

two un Are cxpaſed. op, tmp: progeal cpepath. 
WE ng rt ito a 3 b et be 9 
are another as the products of the of ae 
quares of the ſines ; of the angles of incidence 5 rn of * 

n be deduced from the preceding, rinci 
E | <fT #3 co 

Let AB (Plat, Fig. 4.) repreſent the e of a 
| ee e n. according 08. angles A R 

ar 


Is * - 


3 


@- 


/ FE 5 
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or AFB, or ALB. In order to find the efforts of the fluid, fuppefing 
the velocity and direction to be the ſame, and parallel to the keel, in the 
three caſes, upon the middle of the line A B, erect the perpendicular 
E L, which will paſs through the tops of all the triangles; then to find 


+ the ſines of the angles of incidence, with the radius, A B deſcribe two 


| arches, AF and B F, to interſect one another in the vertex. of the equi- 
-Jateral triangle; the arches will interſect the ae 


al triangle ; the arches he fdes of the angle, that is leſs 
than, 60 degrces ; but not the ſides of that which is more than 60 degrees; 


- 


produce one of the ſides from C to M (Plate IV. Fig. 4.) - Laſtly, let 


Kl the perpendiculars MD, FE, PK, upon the line A B, from all the 


points Where the arches interſect either the ſides of the triangles, or the 
Ades that are produced; ſo ſhall A E, A D, and A K, repreſent the fines 


of the angler of incidence upon the diferent triangles A FB. A C B, 


I will be eaſy to obſerve, that the effort of the fluid upon the intire 
Fore parts A CB. AFB, or AL B, is to the effort upon the extreme 


'breadth, as the effort upon AC, A F, or AL, is to the effort upon A E,; 


Þut it was proved before, that the impreſſions received; by two unequal 


ſurfaces, oppoſed to the direction of a current, are as the ſquares of the 
fines of the angles of incidence mukiplied by the ſurfaces; fo, in this caſe, 
the impreſſion on AC will be to that on AE, (or, which is the ſame 


thing, the impreſſion on A C B will be to that on A B) as the fquare of 


"AD, the fine of the angle of incidence, multiplied by AC B, is to the 
vare of the radius multiplied by AKA. 


: 4 l . ; 5 4 : 
We have allo the effort on AFB to the effort on AB; as AFB, 


multiplied by the ſquare of A E, the fine of the angle of incidence, is to 
AB multiplied-by the ſquare of A B the radius. This proportion would 

# the effort of the fluid upon the prow A F B, in a perpendicular di- 
veftion'to the fides AF and B F, which would be very uſetyh, if it were 
required to determine the dimenſions of the timber that is tõ reſiſt that 


Pfeflure of water; but in the preſent cafe, where only the relative effort 


1 


 Gicufur DH, and compleat the parallelogram G C PHI, CO thal 


2 4 


to E B: The relative effort then is equal to the ſquare of the ine of 


upon the prow is confidered in the direction of the keel, we muſt form 

another reſolution. Let then CD (Fig. 8.) repreſent the effort upon F B, 
perpendicular to that furface ; if from the point D we let fall the perpen- 
repre- 
Tent the relative effort upon the prpw in the direction of the keel, fothe 
whole effort upon F B, may be repreſented by F B N OS 
quatre of the angle of incidence, which is to the relative effort as FB is 


T& 
1 


the adde pf incidence multiplied by EB, or by the ſon of the particles 
_hicit fall up FB; ſo to find the relative! effort on F B, we muſt 


— 2 


——— 2 


Crap. „ of the Refftance of Fluids, | 6s 
multiply the ſquare of the angle of incidence by the projection of the 
plane F B upon the beam EB. 

Tho' this method cannot be truly applied but to rectilineal viangled, 
vet, by dividing curves into a number of ſmall parts, each may be con- 
ſidered, without any ſenfible error, as a ſtrait line. M. Bouguer makes 
uſe of this method of approximation to a ſufficient degree of exactneſs. 

What we have already ſaid upon that head, it is to be hoped, will facili- 
tate this deſcription to ſuch as have only a flight knowledge of the mathe- 


matics; ſo that all that remains now is, to apply this to the Gott of a 


hip! of 70 guns, which has been already laid love vw ö F190? eee 7 


4 Calculation of the Refifance. of. a "Fluid upon the Bug, 4 "Ship of x + 


| Guns, which we have laid down in 4 Draught, —_— worth the Bfjort 


„ the ſame Fluid upon the Area of the Midſbip Framſm. 


As the operations are to be performed upon the ry of ptojectio jon 
"before laid down, all the frames in the fore part muſt be exactly formed 

as before in Plate II. in order to which it will be neceſſary to make uſe 
of a larger ſcale, as in Plate v. 


It will be very convenient to e the water lines I, II, III, &c. and : 


i che frames 1, 20 3, Sf. 


= 


It 18. plain, that the water lines and frames divide the prow es trapezid, 


to the midſhip frame, at equal diſtances from one 


„ 


ſuch as 1 u, 8 6, 5c, Gr. correſpohding to the trapezium A B, and pa- 


rallelogram a d, in the piane of elevation, Plate Il. 
It will be necefſury to wenn that there muſt be ſo many water lines 
and frames, that the 4 58 6, 6 6 Sc. ich are Sata nz 'be 
eſteemed Rays lines." gifts if it baſe . 8 


'D 7 £433 33: #33 + 


Te will likewiſe be mb to Ag dcrte | that . W are els? wy 
jedion of of the dia » Ho of the parallelograms repreſented up upon the ne eb 
t of elevation; at! Pn ſut face of the b as i wel the dia- 
87 8˙8, on che plane ol the ah n, is t E ion of the diage 
$8 4 drawn on A of elevatio 55 tis 3 9575 07 it of 190 <7 


| Theſe diagonals divide che prov into the triangles 15 2, 3. 45 Gre. ing . 


le the fluid with different de grees of obliquity 

We hade not the Gere ers of hefe triaiigles ey: by rao if 100 
of the prow]j but Snly'theipprojeQion” 0 ors i ame; büt tin + 
Alwe want; for the ſum of all _ particles of water that ſtrlke the tri- 


— 


angles 


2 


a3 


66 Of the Refiftanee of Fluids, Crap. IX. 
angles are, proportioned to the triangle projected on the midſhip frame, 
fince the water that ranges along each trianglę may be confidered as a 
triangular priſm, the baſe of which is equal to the triangle r a 8, Fig. 1. 
Plate V. and this was the thing in queſtion. M. Bouguer propoſes to. cal- 
culate the effort of the fluid on each triangle, their ſum will give the ſhock 
of the water upon the whole prow, and compare this to the ſhock of the 
- fluid upon a ſarface parallel to the area of the midſhip frame. : 
To attain this, M. Bauguer lets fall perpendiculars to every fame, 
. from the angles formed at the interſection of the water lines and the dia- 
onals that were drawn to form the triangle; for inſtance, upon the frame 
, the perpendiculars /b and 7p; upon the frame 7 8, the perpendicular 
| 8 mon one fide, and the perpendicular c on the other fide, &c, 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow; and as there muſt be a great 
number of them, it will be neceſſary to find ſome method of AE 
them. The following ſeems to me to be the moſt expeditious. _. 

Draw two parallel lines, BD and CR; let the diſtance betwiat 
be equal to that betwixt the frames on the plane of elevation, and by this | 
one operation we have che height of all the triangles that are eee 
betwixt the parallels. 

As the baſe of all the rectangles ſhould be equal to the perp 
of the correſponding SITS of 12 A We. may #4 1. 
Wanne u 


1 


to . 


SHS #44 


| the lane of the e — 4 it is upon th 
pln: direction of the keel Weed ;, which.) 18 che 8 — e as 
as before obſeryed. , ati a | 
The ſurface of a triangle i is found by. Ro BI kool half the bale. by the 
perpendicular ; fo the ſurface of the triangle v, 4, 8, will be the 
the perpendicular r p, (equal to C H) . multiplied by half the baſe,a 8, bo 
this will be the ſum of all the which, ſtrike the. tangle r. a, 8, 
which is an element of the prow of the ſhip. 
In order to find the relative. force. of the fluid i in che dine cion of the 


0 M i of the en deen ee, the eng 156, 8, _ 


4 


gs” + 
n 


„ c 
Cn Ap. IX, Of the Reſllance of Fluids. 67 
only multiplying the ſurface of the triangle by the ſquare of the fine of 
the incidence; in place of multiplying it by the ſquare of the radius, 
which would give the impulſe the triangle would receive from the water 
in a perpendicular direction; now if we divide this impulſe by the oblique 
one, the quotient will give the quantity that the impulſe is diminiſhed by 
the obliquity of the prow ; but there will be no occaſion for this laſt ſtep, 
for as the ſum of all the products of the triangles multiplied by the ſquare 
of the radius, gives the effort of the fluid upon the midſhip frame; the 
direct effort may be found by multiplying the area of the midſhip frame 
by the ſquare of the radius, and if this be divided by the ſum of the pro- 
ducts of all the triangles, multiplied by the ſquares of the ſines of the an- 
gles of incidence on each triangle, we ſhall know the diminution of the 
reſiſtance which the prow meets with in proportion to that of the mid- 
ſhip frame. „„ | N | 
- eee almoſt impracticable to multiply the ſurface of each trian- 
gle by the ſquare of the ſine of the angle of incidence, upon which account 
M. Bouguer ſubſtituted proportional lines in place of the ſquares of the - 
fines, which we ſhall now explain. VV 
It was before obſerved, that if D H be the radius, C H will be th 
ſine of the anus of inciden qe. 3 i; 
. If we let fall the perpendicular C O upon the line DH, we ſhalt have 
h the triangle DC H fimilar to DO ©; fo taking the equal lines C D, 
and N H for the radius, C O will be the fine of the angle of incidence. 
If we draw OP perpendicular to D C, the triangles D O C and COP 
will be ſimilar, therefore the triangles D CH and CO will be ſimilar, 
3 is to CH as O Cto CP; but n as C to 
CO, and by multiplying theſe two proportions, the ſquare of D H will 
be to the re CH 45 DC is to PC; that is, if D C repreſent the 
ſquare of the radius, P C will be the ſquare of the fine of the angle of in- 
eidence CD H. So the lines CP, HQ, LG, &c. give the ſquares of 
the ſines of the angles of incidence in the triangles 1, 2, 3, Cc. which are 
to be multiplied by the ſurfaces of the triangles; and the parallels DE, 
NH, &c. always repreſent the radius. V 
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We muſt in the next place find the direct a5 of the grooms upon the 
— of the 89 0 * by ds the area by he ſquare of the 
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OPERA T1 0 N, 


Half the 6th water line 1 VI 10 2 © 
The whole 5th water line V 1 40 &, @ 
The 4th water line Ds „ 
The 3d water line = | | FS | © 
The 2d water line W is 1 6. 
The 1ſt water line | 8 
The breadth of the keel | 60-0 
| Mold ed the diſtance betwixt a5 water 
— 1 a by is [ $2: ® 
Product is the area of the midſhip frame $03: 4 
| an by the diſtance betwixt the frames 8 0 % 
Product 2426 8 8 


This teien divided by 249 10 r, u ſum of the efforts of the fluid 
upon the triangles of the prow; the quotient is 9 rs, which ſhe ws that 
the effort of the fluid upon the prow is to that upon the midſhip frame 
as 1 is to 9 *, which is a fufficient diminution of the reſiſtance for a 
ſhip of this force. Hence we may conclude that the water lines in the 
| 8 are 3 but a frigate will require more dimi inution, 

as w following examples. 

The as 3 E to e failer. 

The Tigre, as 5 to 1, a company keeper, - 

A ſhip of 50 guns, deſigned by M. Boyer, but not built, as 8 to 1. 

7 Monargue, of 74 guns, 4 lb. ſhot, built by M. Olliuier in 274% 

5 2 00 . 
The Aleide, of 64 guns, by M. Ollivier, at Breſt ra 20/1507: 

The Renomme, built at Breſt by M. Deſalieurs 1744, as 10 to 1,—This 

ſhip, by the account of the captain, was a very fine failer. CITES 

The Badine, 6 guns of z lb. ſhot, as 7 f to 1. 
The Pantbere, of 20 guns 6 lb. ſhot, as aten?! 
The Amazon, of 44 guns, built by M.  Blaſe Pengalot, as $2 7*0 x. 7 

The Superbe, built by M. Helie, as 5 E to 1 . 

The Murine, of 24 guns, built by M. Geffroi, ſenior, as 10 3 to 1. 

We have compared the efforts of the fluid upon the prow of each 
ſhip, with that upon the plane, equal to the area of the midſhip frame. 

2 will be png alſo to examine if the refiſtance in thoſe be leſs than 
in ſhips which are known to be good ſailers; but it may happen that a 
8 | 


ſhip, 


FT, 
7 


— S 


r 


and carrying the ſame quantity of. fail, to be 300" 


— 
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ſhip, whoſe midſhip frame has. a ſmall area, may meet with little reſiſ- 
tance, tho' her prow be not diminiſhed in proportion to that of her mid- 


ſhip frame; ſo it will not be ſufficient to know this proportion only, to 


be aſſured whether or not the ſhip will be a fine ſailer. We muſt alſo 


compare the areas of the midſhip frames, and not reſt ſatisfied with com- 


paring the efforts of the fluid, upon the prow of the ſhip we have laid 
down, with that upon the prow of the BY of the ſame rate, which has 
gained a good character, 


7 be firſt Example of Comparifin 


We dar that the area of the midſhip frame of the 70 gun ſhip, we 
have laid down, is 606 : 8 : 2, and that the effort of the fluid upon the 
prow is to that on the midſhip frame as 1 is to 9 e Now if another 
ſhip of the ſame rate has the area of her midſhip frame 7 or 80o feet, 


ſuppoſing the fails, and every thing that may contribute to failing, to de 


alike in both; its plain this laſt cannot fail ſo well as that we have laid 


down, and by this example, it is very plain, that if we would calculate 


which of two ſhips would (ail beſt, we muſt, after finding how much the 
reſiſtance of the fluid upon the midſhip frame of each. is diminiſhed by. 
the form of their prows ; alſo compare the areas of their miſhip frames, 


that we may. know. which of the two has the greateſt maſs of water to | 


diſplace ; but if it was only required to know, Which of two-/ſhips of the 


_ ſame rate would fail beſt, it would be ſufficient to Rupee the efforts of 
4557 8 their e | 


* 


I EE 
# * ” 

7 

£4 


e 
We * Fr by the calculation, that the effort of the fluid upon the 


# ay > ſhip of 70 guns, is 249: 10: 11:7; but if, by a like © calcu- 


jation, we find the reſiſtance upon the prow of a of the ſame force, 
* ” may thence 
conclude Fig ours will ſail beſt. 
It will alſo be proper to examine, hah the ſame election, whether the 
E. tee oy en 771 a —_ fail Arive but little to o the leeward, 
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N 1 acknowledgment to the oublic, 60 PR fa- = 
Js vourable reception of my. firſt Edition, I have, in this - 

Supplement, collected all the ere could Abr make 9 
by my own obſervations, or gather from the e of =_ 
M. Boueuzx and M. Dunaunr. . 1 


1 have likewiſe endivoured to 3 the Aigen 
of the plank in the direction of the planes of the timbers, 
and have illuſtrated it with a Plate engraved for that pur- 
poſe; Plate V. in the firſt edition, being too much crowded 1 
with lines, to admit of any addition. | 


Alſo an account of experiments that have been made to- 
aſcertain the form of a folid that will move through the 
water with the greateſt velocity: Theſe experiments like- 
wiſe ſerve to determine a : propereſt FIN of the mid- - 
ſhip 8 10 Fo 


The proportions for at and yards, caps, BOY cuſſel- 13 
trees, and croſs- trees, are inſerted. 5 | „„ 


Likewiſe the weights of the Fe ID the dimentions of „ 
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BOUGUER, in the Preface to bis TnarTz BU o Naviez, 
gives an account of the progreſs of ſhip- building in Frances 
® with the names of ſeveral eminent men ho applied themſelves, 
with much zeal, to reduce naval architecture to certain mathematicab 
ee e and ſays, that at a conference held at Paris in 1681, 
dimenſions uſed in France were eſtabliſhed by an order of the: 
He makes mention of Pierre Fanfſe Horn, who, in the begin- 
{ the laſk century, imagined that Noah's ark ſhould be made the 
and pattern of the form of a ſſiip: But M. Bouguer obierves, 
be did not confider that the ark, far from being deſigned ta failwith 
any degree of velocity, was built only to ſuſtain a great weight, wem 
E at reſt on the ſurface of the waters of the e r Bel: that as it 
will, it ſeems, at leaſt probable, that the firſt deſign of b ilding g floating: 
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els, Was to Carry goods from One de to another. eee Sünde 

Now, the propereſt veſſels for that : 

| contain the greateſt quantity of goods, and carry them in the D 

time to the intended port: Se that capacity and Ae ſeem to be two. 

eſſential qualifications. rc e e eee ee n cate, VR: I 
As to the firſt, that of. capacity, a circle nas a greater area thinks any: 

| of the ſame circumference; and, conſequently; a Min:. 


xould be the propereſt form. to anfwer the firſt end, but the v 


4 ſt for the ſecond, of vel F 
: wor ond, viæ. that of velocity: For, by what method ſoever the 
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power that ſets the veſiel i in motion is to be applied, it is indifferent What 
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+ a body of water. But it muſt be ob 


veſſel would-go as faſt a-ſtern as a-head, if I may be Allowe that ex- 
preffion, where there is neither head nor ſtern. A. # Ka 


A Cube is the next ſolid of greateft capacity ; but this is ſabject to the 
fame inconveniencies as the Cylinder: Hence we 1 conclude, that all 
floating veſſels may be longer than broad. 

An oblong rectangular parallelopiped will go with greater velocity 
end ways than ſideways ; but it will be indifferent which end go 
foremoſt; and, beſides, this form would meet with great des in in 
paſſing through the water. For, let the component parts of that fluid be 
ſuppoſed. never ſo ſmall particles of a globular form, it is certain they 
muſt have ſome kind of cohefion ; and tho' they are eaſily ſet in motion, 
they muſt actually be ſeparated before any body can paſs 1 them; 
and any plane moving in a direction perpendicular to itſelf, muſt diſplace 
as many öf theſe particles as are contained in the area of that plane; and, 
as it advances forwards, will ſtill have the fame number of particles to 
diſplace, before it can go a-head ; hence we may conchude, the pathllcls- > 
7 will not anſwer the two eſtential properties. 

Let us next examine, how far the wedge would leer thoſe pur: 
poſes: This being tapered to an edge at the fore- end, will eaſily abide 
the fluid, and the fides will attack the particles in an oblique: direction, 
and conſequently will meet with leſs refiſtance in paſſing through the 
water. If the particles of water were as cloſely united as thoſe of wood, 
perhaps the wedge would be the pr oy voter form to force its way through 

ved, that the wedge acts in a quite 
different manner, when cleaving a tree, and when dividing a fluid; for 
the parts that unite the tree are ſeparated at a great diſtanee before the 
wedge, and the parts through which it has paſſed are ſo far from'endea- 
vouring to unite . again, that the extremity of the tree will be 
double its diameter aſunder, before the wedge has advanced near the 
other end; whereas, the wedge has no ſooner paſſed through'the particles 
of water, but they immediately unite as cloſe as before, and none of the 
particles are ſeparated till the wedge actually ſtrikes them, and no ſooner 
Has the wedge forced its way through any number, but it has the fame 
number to encounter, and drags a quantity of what is called dead water 
after it: for, placing a flat piece of wood in the water, at the after end 
of the wedge, it will keep cloſe to it, till the wedge alters its direction; 
for which reaſon, there ſeems to be a neceſſity for tapering the aſter . end 
of the wedge. It: muſt likewiſe be obſerved, that the mall that forces 
the wedge a- head drives it in a direction perpendicular to the aſter end; 
1 the wind that forces a ſhip a-head, ſometimes ſtrikes it in a 


direction 8 


FOG 
direction oblique to the keel, which will be apt to drive it out of the 
direction of the keel, as is the caſe of a ſhip that lofes her rudder : This 
is another reaſon for tapering a ſhip at the after-end, for otherwiſe the 
rudder would have but very little power to keep her Leady in a ſtrait 
courſe, 

We have now found: that all ſhips muſt be longer than they are bega, 
and likewiſe tapered at each end: The next thing to be conſidered is, 

whether or no the ſides ſhould be perpendicular to the bottom: In that 
caſe, all vertical ſections perpendicular to the keel, and at right angles, 
would be parallelograms, which would be a very improper form for di- 
a fluid; for though, by the tapering at the fore end, the reſiſtance 
would be leſſened, yet the particles ſhould be ſo far ſeparated as to allow ꝰ 
the plane of the midſhip frame to paſs through them ; and though the: 
effort of the fluid upon the midſhip frame would be greatly. diminiſhed: 
by its oblique direction, yet as the ſhip would then be as broad at the 
keel as at the water's edge, the bow would meet with great reliſtance- 
every time the ſhip went about; ſo that there ſeems to be a neceſſity, 
not only of tapering them at each end,. but likewiſe from the extreme 
breadth down'to the keel. 
he next enquiry muſt be, whether theſe vertical ſections are to be 
limited with curve or ſtrait lines, and how to aſcertain their form. 

The mathematicians have endeavoured to inveſtigate the form of that 
folig which meets with leaſt refiftance in paſſing through the water; 
but they have not drawn any practicable rules from thence, to determine. 
the form of a ſhip; and — d they be ſo lucky, after a tedious calcu- 
lation, as to find out the particular form of ſuch a ſolid, it would be of © 
little uſe in forming the body of a ſhip: For it is ſuppoſed, that the: 
ſolid is to continue in the ſame poſition in the water, otherwiſe 8 
merged part will alter its form as often as it alters its poſition, unleſs it 
be, as M. Bouguer would have it, formed oy the revolution of a curve 
round its axis. Hence we may conclude, at the particular form of a. 
ſhip cannot be determined by rules that bas ani, of a mathematical: 
demonſtration. oh | 

The builders, finding they Gould kes * little: affiſiancs Rom che | 

mathematicians, have applied themſelves: to experience; and though they? 
have not found any particular form which may be a' ſtandard: for: 
thips of the ſame burthen, and deſigned: for the ſame ſet vice, yet ny | 
ſome points they ſeem to agree. Hence it is, that, in ſhips of war, of 
the ſame rate, the principal dimenſions are nearly the ſame; and in all. 
thips the midſhip frame is nearer the fore-part than the alder. part, For,, 
A 2. 


finding by repeated trials, that a maſt or tree, when tapered, will tow 
faſter through the water with the butt end foremoſt than with the ſmall 
end, they conclude it will be ſo in ſhips; though M. Bouguer thinks 
the only reaſon for towing the butt end foremoſt is, that the rope may 
not flip. The rules given us by M. Bouguer, for calculating the reſiſt- 
ance, ſeem to be deduced from the ſame principles as thoſe for aſcer- 
taining what weight will raiſe any heavy body on an inclined plane, which 
may be effected with as great certainty as by weights in a pair of ſcales, 
as is proved by experiments. 1 5 
- Tf the particles that compoſe a maſs of fluid were ſolids of ſuch a 
particular quality, that when once ſeparated, they could not be united 
again, without the application of ſome exterior force, the ſame rules 
might anſwer in both caſes. But when it is conſidered that the particles 
of the fluid have a natural energy, whereby they unite themſelves as 
ſoon as the force that ſeparated them is removed, we may hence con- 
clude that every particle has two motions, the one parallel, and the other 
perpendicular to the axis of the maſt. If the maſt were at an anchor, 
floating on the, water, and a current ſetting parallel to its axis, the ſnock 
ſuſtained by the maſt would be the ſame as if the maſt were in motion, 
(with a velocity equal to that of the current) and the current at reſt. 
It ſeems probable, that the natural tendency the particles have to unite 

themſelves, will as it were graſp the maſt, and retard its motion, when 
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cians and builders, who, inſtead of determining any 
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have produced as many different, and ſeemingly directly. contrary rules, 
as there are different complexions and ſtatures among the projectors. 
The mathematicians have given certain rules for finding the center of 
gravity, both of ge ſhip, when properly loaded, and alſo the center of 
ravity of the column of water ſhe diſplaces, M. Bouguer likewiſe gives 
lirections how to ſtow the goods, ſo that the center of gravity may be 
properly placed with reſpect to the metacenter and the center of gravity 
of the column of diſplaced water; which laſt cannot be altered after the 
ſhip is built. It is on the proper ſituation of theſe that the ſtability of 
the (hip depends. As to velocity, they have given us rules for calculating _ 
the refiſtance of the fluid on the fore part of the ſhip: but unleſs. it can 
be proved that the velocities are always proportional to the reſiſtances, it 
ſeems we ſhall gain little by this; as there is no account taken of the 
after body, and in the calculations they ſuppoſe the ſhip to be upright, 
and ſailing in the direction of the keel; whereas a ſhip often lays her 
ſcuppers in the water, When cloſe hauled on a wind, and ſometimes 
makes two, or three points lee way, ſeldom leſs than one; and yet ſome 
ſhips in ſmooth water will then ſail within two or three knots as faſt as 
when going large. We may venture to aſſert, there will be no propor- 
tion betwixt the velocities, and reſiſtances in theſe two caſes; for in the 
firſt all the particles that ſtrike the fore part looſe their power as ſogon as 
they, paſs the midſhip frame; afterwards, according to his principles, 
they occaſion. no reſiſtance, ; whereas, in the ſecond, every particle has 
its full force, acting on the whole length of the ſide, and the area of the 
ſection, which in this laſt caſe: would receive the perpendicular ſhock, 
would be almoſt double that of the midſhip frame; add to all this that 
there is room to ſuſpect theſe rules of being deduced from wrong prin- 
ciples, as was before obſeryed. But admitting all this, and that the velo- 
cities may be calculated, after the ſhip is built, and found even by ex- 
perience to be proportionate to the reſiſtances, what will that avail us, if 
we have no inſtructions how to form the body ſo, as to be capable of the 
greateſt velocity, in all poſitions, conſiſtent with the requiſite capacity, 
ability, &c? There are other, very material points to be conſidered. 
ſuch as the center of rotation, or the, axis on which, the ſhip: turns when 
ſhe inclines to one fide, when, ſhe tacks or pitches ;, theſe, are continually 


ſhifting, as is the point of ſuſtentation or ſuſpenſion. . 
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In all branches of the mathematical ſciences, there are certain theo-— 
rems demonſtrated, from, whence, the practical rules for the ſolution of 


1 


various problems are deduced, in which there are always ſame necęſſarꝝ 


a given, by which the unknown things may be diſcovered. 
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points; and in 


merchant ſetvice, being what is genera 
duilder's tuns; but the true tunnage of moſt ſhips of war is now! pretty 


che op- Ember ef theſe ſection 
; another : at the after end of the ket and the third at the beak head. 


q 9 
wiſhed we could proceed in the ſame manner, and with the 
y, in ſhip-building ; but I do not find that any who have 
treated that ſu Kea, have given us any invariable rules for ſettling theſe 
conſidering the infinite number of properties, and in 
ſome caſes ſo oppoſite to one another, that if any of Wach de purſued to 
too great a degree, it will deſtroy another very effential quality.” I Pro 
conſidering all theſe things, it will be a very difficult taſk, if not impoſſi- 


dle, to unite them all in one body; add to this that the different ſeas, 


and different ſervices in which they are to be employed,” will require as 
different forms ; ſo that theory alone, without actual experiment, ſeems 
inſufficient to reduce this complicated art to a regular teeth. 1 fhall ny 


mention ſome of the neceffary Ats. 


rſt. The whole weight of the ſhip compleatly rigged and based. 
This is generally = wr both in _ of war, and in thoſe for the 
ly underſtood by tuns; that is, 


well known, as the number and weight of the Suns, eee &c. "oF 
each rate is eſtabliſhed. Ry” 
2d. The length of che gun dicks; | ; 
This in ſhips of war may be nearly determined by them number of guns, 
Zu. The breadth. | 
If the ſection of the load- water line were a regular curve, the! len 
would determine this, and its area might be calculated; and converting 
che whole weight into cubick feet of ſalt water, and dividing thoſe by 


the area of the load-water line, we ſhould have the depth or dranght of 


water ; that is, fuppoſing the form of the body to be that of a bathing 
tub, which perhaps would be very proper for carrying goods in a canal, 


where it might be dragged by horſes; -but as —_— to encounter high 


feas, and ſaſtain” the violence of "ſtorms of wind, dre op open Sven 
require a quite different form. 
4th, The depth of the hold, and draught of the water fore and aft. | 
© 5th. The extreme breadth of three ſections at right angles to the keel, 
and ndicular to the plain of flotation; and likewiſe the extreme 
2 ther with the 'breidths and 'heights of 
one of them to be near the middle. 


ſt and ſtem. "Mm 
exact form r s might ip fram and likewiſe 
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3 „ 
two which M. Duhamel calls the balance frames we may ſafely ſay the 
whole form of the ſhip is determined. | 
The great difficulty will be to obtain theſe data. M. Bouguer, and 
after him M. Duhamel, hath purſued this ſubject as far as the nature of 
theory is capable; from whence they have deduced ſeveral uſeful prac- 
tical inferences, but have ſtill left theſe points undetermined, and at laſt 
refer us to the general practice of the moſt experienced builders, So that 
what improvements have been hitherto made ſeem chiefly owing to ex- 
perience ; and ſome think it highly probable that the form which comes 
neareſt nature, ſuch as that of the ſwifteſt fiſhes, will beſt anſwer the 
purpoſes of ſhipping. But here we ſhall find ourſelves very much em- 
barraſſed; for fiſhes are wholly immerged, and the force that moves them 
is wholly in their own power, and they are in no danger of being drove 
out of their intended courſe by an external force, the author of nature 
having furniſhed them with every thing that is neceſſary, either for pur- 
ſuing their prey in a dire& courſe, or turning themſelves as occaſion re- 
quires ; whereas in a ſhip, it is quite otherwiſe, as ſhe is entirely ſubject 
to an external force, and governed by the helm ; and therefore her form 
muſt be ſuch as may be moſt capable of receiving theſe impreſſions, and 
what nature has denied her, muſt be ſupplied by art. | 
As all who have written on this ſubje& have left theſe points undeter- 
mined, I ſhall not attempt it. I have in the appendix to the firſt edition 
abridged the ſubſtance of what M. Dubamel = ſaid in his treatiſe, and 
in this Supplement fhall extract ſome of M. Bouguer's fundamental prin- 
ciples, together with what M. Duhamel has advanced on the center of 
gravity in his ſecond edition; which I ſhall endeavour to tranſlate fo as to 
be intelligible to thoſe who do not underſtand the French language, and, 
as occaſion offers, make ſuch remarks of my own as I think neceffary, 
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M. BOUGUE R's Traite du Navire. ' 


T BOUGUER divides his Treatiſe into three books, the firſt 
of which contains a general idea of the conſtruction of ſhips, 
AT 40 and divers remarks on the common rules, in three ſections. 

In the firſt ſection, which he divides into twelve chapters, he defines 
the names of the different pieces that form a ſhip, and their proportions, 
according to the practice of the moſt eminent builders ; and likewiſe de- 
ſ{ctibes the various methods uſed by them in forming the timbers. This 
takes up thei firſt nine chapters; for which we refer to M. Duhamel, 
ho has given us the ſubſtance of what M. Bouguer has ſaid on thoſe. 


heads, as tranſlated in the Appendix, © | : 
In the 10th and'11th chapters, M. Bouguer makes ſome remarks on 
the form which the, common rules gives to a ſhip, and by what methods 
It would be needleſs, ſays he, to giye any further account of the 
ſeveral methods uſed by builders to form the figure of their ſhips, and 
project the frames; but it ſeems that all theſe prove, beyond diſpute, 
that they have not yet found out a fixed rule. The only reaſon why 
they have uſed ſo many different methods, is, becauſe they could not 
find the beſt. It would have tended much more to the advantage of 
their art, if they had in practice kept by one general rule, and on 
changed ſome particular circumſtances, carefully remarking the reſult of 
Experience would: have proved the beſt means of bringing naval ar- 
chitectute to perfection, if the thing had been poſſible ; but it is plain, 
that practice alone is infufficient in many caſes; for, though ſome points 
may be determined thereby, yet, with reſpect to many others, it ſtands 
in need of theory. As nothing but a fincere deſire of finding the truth, 
Has engaged us in theſe reſeatches, we ſhall not fait to take proper notice 
of what is good in the common rules, and mall ſupport them by all the 
arguments that may occur to us. I imagine the midſhip frame might 
18 fp. Hi ian e B WOE 62 au SE * * Bo 362 2 be 
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xe carried further forward, and placed, riot at & of the keel, But at WC 
e length of the immerged part, or even a little nearer the head. Thus 
it would always be nearer the fore part than the after part ; the fore part 
would be fuller than the after part, and the immerged part would have 
-more of the form of a fin.. þ | 
It is well known, that the extreme breadth of every frame is higher 


abaft and afore than in the midſhips, but more on the aft part, which will 


- make the ſhip draw more water abaft than afore, about one ſixth part of 
the depth of the hold. As the fore _ cannot ſo readily divide the 
water, when the keel is perfectly level, as when it is inclined to the ſtern, 

it being uncertain what property to aſcribe to it, the moſt eligible 5 

thod Would, doubtleſs, be to try the reſult at ſea, and make choice of 


what experience indicates. 3 Fs 3 
Seamen, no doubt, tried to find her beſt failing trim when at ſea; and 
having frequently remarked, that it was neceſſary to make her draw more 
water abaft than before, they eſtabliſhed. it as a law, by obſerving it; 
whereby we ſhall at leaſt gain this advantage, that the ſhip will anſwer 
her helm better. This will occaſion the decks not to lie parallel to the 
keel; for, admitting they may be of the ſame height afore, that they 
are in midſhips, they are raiſed cpnliderably higher at the poſt, about 
Now, taking what we have fai for granted, the builders, after all 
their trials, are very far from having found out the true figure of the 
ber, from whence. almoſt the whole of the round ſhould be taken 
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N The decks being fixed will determine the height of the beams; ſo 
8. | the decks will be no where ſo high as the extreme breadth of the frames, 
=: - | but in midſhips. .. There is another important reaſon for raiſing the 
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. breadth higher zafore than abaſt, though few attend to it. When a ſhip 
1 5 . 1s cloſe hauled by the wind, and lays much over the weather fide, it Wi 1 
= loſe much of the breadth ; whereas, on the contrary, the lee ſide will 
”  _gain conſiderably. - The ſhip then ee more water, on 
the lee fade, and, according to the manner in which fluids act, ſhould be 
Aupported, With greater force, and of conſequence be able to carry the 


greater. fail. Hence it is plain, that, by raiſing the breadths, we keep 


them as a reſerve, to be uſed when the ſhip ſtands moſt in need of re- 

lief; that is, when, ſhe lays moſt over. It may be remarked, that the flat 

flooted ſhips haue leaft need of railing the breadths for, carrying all the 

,  . _ weight of their cargo ſo low, they are thereby capable of carrying a great 
„ | deal of fail. * Though we cannot abſolutely condemn the Pe of 
=. | 5 5 85 malung. 


| 1 | 
making a ſhip draw more water abaft than afore, yet we cannot approve of 
any of the rules that the builders have given us to determine the exact dif- 
ference. A ſhip, may be built to a preciſe draught of water, by which 
the conſtruction. will be founded on true principles; but when a ſhip is 
not built to one preciſe draught more than another, which is the caſe of 
moſt of the ſhips that have hitherto been built, it will be very difficult, 
and one of the moſt complex queſtions in naval architecture to deter- 
mine this preciſe. point: One would imagine there is no more to be done 
but to make the ſhip ſwim in the water, ſo as to be capable of carrying 
the greateſt fail ; but when a ſhip is very deep in the water, this will 
greatly increaſe the reſiſtance, and of conſequence be yery prejudicial to 
w ſailing. We need not abſolutely find that part which will meet with. 
leaſt reins” When a ſhip has but little hold in the water, ſhe can 
carry but little fail, and therefore cannot go ſo faſt through the water. 
The reſiſtance then muſt be calculated, not abſolutely, but relatively, in 
proportion to the canvaſs ſhe ſpreads. This will be. a moſt laborious 
and tedious calculation, as not only the various and irregular curves which 
compoſe the body muſt be nicely examined, to aſcertain the reſiſtance in 
different draughts of water, but likewiſe the weights of every part in the 
| ſhip, and in what manner they are ſtowed ; all theſe muſt be given be- 
fore we can determine, in every caſe, the power that will be ſufficient 
to ſuſtain the force of the wind; on which account, it will be proper to 
adviſe the mariners to make s experiments of the ſhip's ſeat in 
the water; for the ſolution of this problem is only an approximation, 
even when the minuteſt circumſtances are conſidered. It is true, ſome 
builders, who would not be ſtopt by any difficulties, even ſuch as puzzle 
the greateſt mathematicians, have imagined they could find out this by 
another method. Many of them pretend to examine the difference of the 
- draught of water when the ſhip is launched, and would have it to be the 
ſame when the ſhip is loaded; our readers cannot but pity us, to be ob- 
liged ſeriouſly to confute theſe and ſuch parallel maxims. If a ſhip fails. 
beſt when loaded to the propoſed load- water line, ſhe cannot fail fo faſt 
when ſhe draws only one half, or one third part of it: So there can be 
no manner of proportion between a ſhip's draught of water, when 
launched and when loaded: And this method propoſed ſo myſteriouſly 
to us by me gens 4 metier, and received with too much reſpect by many 
mariners, ſer ves only to confirm us in our opinion, that very little regard 
ſhould be had to all their other rules. hen Wn og vg 
But if theſe common maxims are found ſo imperfe&, it muſt be ow- 
ing chiefly to the figure they give their ſhips ; for it is impoſſible to 
. ; 2 5 1 diſcover 
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Bere by ane alone, and by experiments though eder fo often 


geg all the properties of an entire ſurface, Which is an aſſemblage 


n infinite number of curve lines and points. There can then be no 


manner of doubt but it is in this very article the art ſtands moſt in need 
of amendment. In general, the fore part is too full, and on that account 


the ribbands that form it are too rou The mariners are very ſenſible 
that part ſhould not be too ſharp, but they have not adverted that it will - 


be ſufficient for that purpoſe to carry the midſhip frame further forward. 
It may be, that, conſidering all theſe particulats, we cannot always ri- 


gorouſly follow the precepts of theory, but it Willb at leaft be of great 
advantage to know them, that we may have the point 9 of perfection al. 
ways in view, even Ae we Ne CHI arrive at it, but are obliged to = 


tort of it. ThE | 5 . 2 £4 9 Tee 2 121 vo 


If the floor ed were forme önty by narrowing the bent of 


the frames, without any riſing; and terminating the fore part at the ex- 
tremity of the keel, this would occaſion the ribbands to be perfect ſtrait 
lines; by this means, the foremoſt frame would be a rectangle, and the 


bow formed by two vertical planes interſecting one another in a vertical 


ridge at the extremity of the fore part, where they would form an acute 


angle. Fig. 1, "repreſents fuch a bow, wherein the ribbands CA; F D. 
cannot fail of being ſtrait lines. ee eee 

But if we give a rifing to the Frames; 2952 cut off the bow by the ford 
Paſt of the keel, as in Hg. 2, the ridge A'D, or common ſection of the two 
ical planes, would run ſo far below it, as is DF, the whole quantity 
of tho riſing). and the bow could not be formed by plain ſurfices ; the 


ribbands would become curves, and the more ſo, by raiſing the point D. 
or zugmenting the riſing DF: At the fame time that the figure would be 


more advantageous, it would approach the nearer to la maximum maxi 
mort, in Which reſi des the higheſt point of perfection. In ſuch a eaſe, 


TS Sy poly Notild be the figure of 2 regular deri-conold ; its baſs; in- | 
| Read 


eing circular, would be areQtangle;” } SIG tb} Vis 
But Nhat 85 principally worthy of our natice, 18, chat: Seeded he 


br dimenſions of ſhips, it always happens, that when the riſing is 
the greateſt poſſible,” and that all the vertical ridges at the extremity are 
vaniſhed,” and the fare part has by that means acquired the moſt advan- 


tageous figure of any, the ribbands alſo, "having acquired their greateſt 
curvings, will wund no more than the are of A circle of 18 or- 20 de- 
grees; or, which is the ſame thing; they differ ſo little from a ſtrait line, 


hy that t e round i in the middle is wil the twentieth, or the two-: and twen- | 
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builders after all their trials, are very far from having found out the true 

ure of the bow, which they have been obliged to make almoſt trait x 
fo far they are from knowing that rule, which would be ſo very uſeful | 
to them, and which they may regard as the ſecret of their art; namely, 
that the leſs the riſing FD (Fig. 2.) is, or the lower they carry it on the 
frames afore, ſo much the ſtraiter will they make all the ribbands 
CA;E Dj; Ce >: 

What we have advanced heady depends on a very complicated theory ; 
one may be very eaſily deceived, ſeeing the two points which limit the 
curve are ſo very near one another, that they will make the ribbands quite 
ftrait, as in Fig. x, or give them ſcarce the round of an arch of a circle 
of 18 or 20 degrees, as in Pig. 2 ; they will acquire this laſt by increaſing 
the height of the riſing line afore ; whereas, by diminiſhing the rifing, 
the ribbands will come nearly ſtrait, We may, by a diligent attention to 
this ſingle maxim, without adhering ſtrictly to ſpeculative rules, reap 

the fruit of the whole ; we may keep the form of the midſhip frame, 
but we ſhall gain much by making the extreme breadth no more than 
the fifth er ſixth part of the length, if at the ſame time we diminiſh the 
depth proportionally. This we ſhall clearly demonſtrate, in another 
place, and likewiſe this moſt ſurpriſing circumſtance, that by diminiſhing: 
theſe two dimenſions, or by increaſing the length, a ſhip may be made te 
go ſome times as faſt as the wind. 

Let us now again return to the ribbands, which may be equally ſpaced | 
on the ſtem; and likewiſe on the midſhip frame, from the head of the 
floor: It will fuffice to make them round no more than the twenty-fifth _ 
or thirtieth part of their whole length, whether we make them arches of 
circles, or ellipſes, and then there is nothing to hinder them from being 
formed in the ſame manner they uſe to make a fair curve. 

By this means it will be eaſy to give the bow nearly what figure we 


pleaſe. After having formed the midſhip frame A D 2 A, Fig. 3, and pro- 1 


jected the ribbands A W, G Z, &c. take the length of one of theſe, for 
inſtance, if WA, the breadth ribband, make the ftrait line W A (Fig. 4.) 
equal thereto, and at the end of it W,. draw the perpendicular W v, 
which may de made equal to WA, as the point v may be aſſumed at 
pleaſure, and draw the line vA, on the middle of which erect the per- 
pendicular B C, which muſt be the 2 5th or zoth part of the line d A. 
when that happens to be the length of the Abend, but when it is ſhorter, 

as in this caſe, where it is only the projection of it, B C muſt be the Toth. 
or 12th part of it. Then deſcribe an arch of a circle thro* the thret 
| paints A, C, v; and dividing the line Wu into as many equal pe as; 


* 


( 14 ) 
there are to be frames before the midſhip ; draw lines thro' the ſeveral 
divifions D, E, G, &c. parallel to W A, to interſe the arch vA. Theſe 
transferred to the line W A, will ſpace the frames properly upon the rib- 
band projected in Fig. 3, and will become an arch of an ellipfis, which 
will have but a very ſmall curving ; after the ſame manner the other rib- 
bands may be divided ; it muſt only be obſerved that by reaſon of the rake 
of the ſtem the breadth ribband will be longer than the reſt; their lengths 
muſt not be repreſented by the line W but by a ſhorter RQ. In order 
to aſcertain this length, ſuppoſe of the firſt intermediate ribband of which 
. SF is the projection, in Fig. 3; if it happens that R A is equal to 8 F 
it is only transferring the lines R I, R 2, R 3, &c. to the projection of the 
ribband, which will give the proper ſpacings of the frames, but in ge- 

neral produce the line v W, and from any point K, taken at pleaſure, draw 
ſtrait lines to the points 1, 2, 3, &c. theſe lines will divide the line 8 F 
proportionally to RA; and by this method we may form as many frames 
as we pleaſe. Inſtead of erecting the perpendicular on the middle of 
the line v A, Fig. 4, we may have it at the third part of it, making 
A B double of B v; the curve A C v muſt then be formed by two arches 
of differeat circles whoſe centers muſt be in the line C B produced, by 
uſing the ſame proceſs; in all other circumſtances we ſhall imitate that 
curve Which is propereſt for dividing a fluid. . n 
The after part may be formed by much the ſame method; the rib- 
bands ſhould be almoſt ſtrait, not rounding in the middle above the 2 5th 
or zoth part of their whole length; thus the whole ſhip will be nearly 
the form of two demi-cones, as in F/g. 5, whoſe baſes unite at the mid- 
ſhip frame, which ſeparates the fore from the after part, and ſhould be 
ced as was before obſerved, at r of the whole length from the point 
the extremity of the fore part, whereas the general practice is to pre- 
ſerve the whole body, or a conſiderable ſpace, nearly of the ſame bulk, and 
at the ſame time it will be as faſtened to the keel. Although the part 
AFG, which extends at ſuch a diſtance beyond the keel, may appear to 
be uſeleſs, yet it cannot be wholly retrenched, becauſe of neceſſity the 
radder muſt be faſtzned to the ſtern poſt G A. As to the part B C F, it 
might in a great meaſure be taken away, if it could be done without 
g Lancs to the faſtening of the members together, which is ſo requiſite 
in forming the body, and were there not another very important reaſon 


for nat retrenching it, and that is becauſe this will conduce very much to 
her keeping a good wind, when plying to windward : It is true it will be a 
gteat diſadvantage to her in wearing, and make her very ſubject to broach 
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14 | 
too, but to remedy this we need only give her the more head fail, ſo 
that we may without any inconveniency unite all theſe advantages. 

It muſt be remarked, that'when ſuch a ſhip is formed ſo as to fail on an 
even keel, we ſhall gain nothing by making her draw more water abaft 
than afore, the reſiſtance which the fore part meets with in dividing the 
fluid is leſſened very little, or ſcarce perceptible; on the other hand, the 
rudder cannot fail of producing its effect, becauſe the water will eaſily 
ſtrike it with its whole force. When a ſhip goes on an even keel, there 
is nothing to hinder us from laying the decks parallel to the keel, it is 
likewiſe plain there will be no occaſion for laying the wing tranſom ſo 
high, it will be ſufficient to make it higher than the depth of the hold, 
about the eight or ninth part of that depth. | | 
All that we have ſaid belongs chiefly to frigates, that are built on pur- 
poſe for failing, without regarding their capacity for carrying heavy 
goods. But when this is required or when it is neceſſary to have ſeveral 
decks, and to carry guns, &c. we then form the bow according to Fig. 6. 
At the ſame time we make the whole immerged part fuller, which will 
contribute much to prevent her pitching. Fg. 6' is only a ſketch to 
repreſent things in general ; the builders no doubt can reconcile all the 
angles, and breaches, or ridges of this figure: If we give the bow as much 
riſing as poſſible, all the curves which end at the extremity A, will then 
become arches of circles, of 18 or 20 degrees; but in diminiſhing the 
riſing, and making the ribband E D horizontal, that will become quite 
| ſtrait ; the other ribbands as C M will likewiſe become ſtrait and parallel 
to the firſt, for the whole ſpace intercepted betwixt the planes B F E C, 
and ND M. But the rake of the ſtem, together with the inclination of 
the ſides of the foremoſt frame B F E C, will occaſion the upper ribbands. 
to be curves; the furface DM CE will be a plane, if the fide E C of the 
midſhip frame be a ſtrait line; whereas becauſe E C is commonly a curve 
it will become cylindric, and in every caſe D M will be perfectly equal 
to EC, When the flat E F of the midſhip frame is half the extreme 
breadth, the half breadth L M, which is equal to H C, will be half of 
GC; ſo the breadth N M of the bow, above D, at the extremity of the 
keel, will be equal to BC, half the extreme breadth. It will be needleſs 
| to inſiſt on the manner of deſcribing the frames; it is plain that each of 
them, as PRS T, will be formed by two parts perfectly equal to thoſe 
B F K, and HE C of the firſt, but they approach to one another. The 
diftance R &, at which they muſt be placed, will be the flat of each floor 
or frame, and that flat will diminiſh in proportion to the diſtance from D, 
the extremity of the keel. In regard to the part AN MD, it m_— 
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formed by producing each ribband, as C M, by an arch of a circle 

AMCM, a ſtrait part of the ribband being a tangent to it in the point 
M; this will occaſion the whole ribband C MA to be, rounder, which 
will be more ſo if we make the flat F E of the midſhip frame leſs, 
ſince H C becomes greater, and LM is equal to HC. This bow; 
whether we imitate it only in the principal particulars, or conform to the 
whole, will meet with greater reſiſtance in paſſing thro' the water than 
that ſhewn before : But the great breadths which are carried. high, from 
B IC, the firſt ſection, to the height above the exremity of the keel, will 
at leaſt make them more capable of ſuſtaining the weight of the fails. 
This form will make the ſhip more capable of reſiſting the violent pitch- 
ings, occaſioned by the ſeas ſtriking one end of the ſhip, which lifts it up, 


the other end at the ſame time being plunged into the water, continues 


to {ink till it is ſtopped by the reſiſtance of the water, or by the weight 


of that column of water it diſplaces. Sometimes the ſhip is not ſhocked ; 


it is only the ſea that looſes its horizontal poſition by the agitation of the 
ſurf or waves; the ſea all of a ſudden withdraws itſelf from the bow, 


or from the buttock, which of neceſſity will occaſion that part of the ſhip 


to fall down till it find a ſupport : Theſe violent motions may occaſion 
the carrying away of the maſts, and will always be prejudicial to her. ſail- 
ing. It is plain there can be no way of preventing, or even Ta. 
theſe accidents, but by making them fuller both afore and abaft ; we mul 

have recourſe to experience to form the ſhip ſuitable to the particular 
ſervice ſhe is deſigned for; but it is always to be remembered, and. it. is 


demonſtrable, that when we have. only velocity in view, . and are to fail. 
in ſmooth water, as in the Mediteranean, with fine weather, the form of the 


ſhip ſhould differ. very little from two cones joined together by their baſes. 
In ſhort, if the ſhip is not full enough for the purpoſe, we may continue 


the whole breadth for a conſiderable ſpace ; the fifth, fourth, or at moſt 


the third part of the whole length, and then form the fore part by the 


preceding rules. It ſeems to me, that when we have got a ſufficient: ca- 
pacity in the hold, we ſhould raiſe the floor ribbands afore; otherwiſe, 


the bow would too much obſtruct her failing, This laſt property is chiefly 


| tobe obſerved in,ſhips of war, where the breadth. is continued ſtrait but 
a ſmall ſpace. . If, inſtead of ſuch. a. veſſel as is commonly built for a 


tranſport ſhip, we ſhould build a fly-boat; we need only take for a mo- 


del the figure of a rectangled parallelopiped, and form the fore and aft 


art by two inclined planes, giving the ſtem and poſt a rake. We muſt 
be always careful to preſexye the two parts repreſented by BC F, and 
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As to the rake, if the whole length of the ſhip be 144, the rake of 


the ſtem may be about 44, and when the breadth is continued for a good 


ſpace it may be 32, and 68 for the rake of the ſtern poſt. That form of 
a fly-boat, where we need only round off the corners, will be the moſt 
perfect of any ; and, beſides, as a great part of the fide is ſtrait, it will 
be thereby proper for carrying guns, and fit for a ſhip of war, 

In the twelfth chapter, which concludes the firſt ſection, he ſhews the 
manner of launching a ſhip. 

In the ſecond ſection, our author treats of che 0 of a tip; ; ſuch 
as the rudder, capſtan, and pumps, which takes up the ot two Er, (ook 

The third chapter is on the cables and anchors. - 

The cables and anchors; ſays he, are of indiſpenſible uſe to hold a ſhip 


when in a road-ſtead, where ſhe is often expoſed to all the fury of the 


wind and the ſea. Every ſhip has at leaſt five or fix cables of different 
dimenſions; and to regulate the largeſt, which is called the maſter cable; 

they make its circumference the 24th part of the extreme breadth ;' or, £ 
which is the ſame thing, one inch to every foot of the half breadth. 
Suppoſe a ſhip to be 48 feet extreme breadth, the maſter cable ſhould be 


24 inches circumference; but if the ſhip be 20 feet broad, the cable will 


be 10 inches; and the dimenſions of the other cables will be leſs, and is 
always eſtimated by their circumferences. In France, the length.of all 
cables, whether great or ſmall, is 600 feet, or 120 fathoms ; ; for a fathom 
is always accounted five feet. 

It is neceſſary to have the cables agen e on which account, they are 
obliged to ſplice ſeveral to one anothers ends; but it will be very.diffi- 
cult to make them longer in one piece; the firſt threads that form them 


are of double the length, and more: "Thoſe of a cable of 120 fathoms 


long are 180, ſo that they looſe a third part of their length in twiſting 
them in the manner they do, to make the cable. Theſe threads muſt be 

in length and proportion to the propoſed length of the cable, the ere 
cution of which will be attended with difficulty. 


One thing may be remarked, which may ſerve in all che different | 
frm that the weight of one fathom of cordage, in pounds, is nearly the 


fifth part of the ſquare of its circumference. This rule will always be 
pretty exact, eſpecially, when there is not too much tar put in the yarns; 
as for inſtance, the weight of a fathom of cable of 24 inches, will be 


found, by multiplying 24 by 24, and dividing the product by 5, to be 
11 57 pounds, and the whole cable, which is 120 fathoms long, wilt 


weigh 13824 mare The- weight of one: fathom of a cable of 10 
inches will, by this rule, be 20 pounds; for 20 is the fifth part of 100, 
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the ſquare of 10; and the weight of the whole cable of conſequence will 


be 2400. The weight of a whole cable may be had at one operation, 
by multiplying the ſquare of the circumference by 24. ; | 
The cables would be uſeleſs without the anchors, the form of them is 
to be ſeen in Fig. 7, which is the propereſt figure for catching hold, in 
the ſand, or in the mud, in the bottom of the fea, The anchors in 


France, England, and Holland, are of forged iron; but in Spain they 


may be ſeen of copper, and likewiſe, in ſeveral parts of the South Sea. 
The part A D, is called the ſhank, at the extremity of which there is 


aringE; ABand BC, are the two arms, K C and I B, the fleucks ; 


the ſtock F G, which is of wood, is fixed at the end of the ſhank, at 


right angles to the fleucks; the uſe of this is to make the anchor fall, ſo 


that one of the fleucks will infallibly catch the ground. The two arms 

enerally form the arch of a circle, of which the point H, is the center, 
Tg three eighths of the ſhank from the point A; and each arm is 
equal to three eighths of the ſhank, or to the radius; fo that the two arms 


together make an arch of 120 degrees: The fleucks are half the length 


of the arms, and their breadths two fifths of the length of the arms. In 
regard to the thickneſs they generally make the circumference at the 
throat A of the ſhank, about the fiſth part of its length, and the ſmall 


end two thirds of the throat; the ſmall end of the arms of the fleucks, 
three fourths of the circumference of the ſhank at the throat. Theſe 


dimenſions ſhould be bigger, when the iron is of a bad quality, eſpecially 


when we uſe caſt, inſtead of forged iron. x | 


When theſe dimenſions are obſerved, an anchor of 16 feet 9 inches 
long, will weigh about 7000 pounds; for the workman making ſome 


of . theſe parts not exactly to the dimenſions, will cauſe a conſider- 


able difference in the weight: But if all anchors were ſimilar, which they 
ſhould be, their weights would be in proportion to the cubes of their 
ſhanks, There is a ready way to find the weight of any anchor, which 


' is to take the length of the in inches, and divide the cube of that 
by 1160. Suppoſe the ſhank 10 feet long, or 120 inches; we are only 

to divide 1728000, the cube of 120 by 1160, the quotient 1545 will 
be the weight of that anchor in pounds: But if the weight were given, 


and the length required, we muſt multiply the weight by 1160, and the 
cube root of the product will be the required length in inches. 10 
As our author has given us no reaſon, why we muſt take 1160 for 


a conſtant diviſor, or multiplier; I ſhall here endeavour ta demonſtrate 
it: But, firſt obſerve, that if the length of the ſhank of any anchor be 


$090 1064 ts Rigs: we maar: then And tho eight af ang othes"unchor, 


tion to the cubes of the ſimilar ſides. 


we ſhall illuſtrate this by the logarithms. 


= 


3 


whoſe length is given; and, conſequently, if the weight be given, we 
may, by the reverſe, find the length, ſince all fimilar ſolids are in propor- 
Now M. Bouguer has given us 
this; for he tells us an anchor of 16 feet ꝙ inches, that is, 201 inches, 
weighs 7000 pounds. Hence, we have the following general rule : 

Let a = 201 inches, the given length; e = 7000 the given weight, 


S any other length ; 0 = the required weight, then a* : e:: 


11 
The queſtion he propoſes; is, 


[3 ge 


Pr 


9 the length of the ſhank 10 feet, what is the weight of the anchor? 
The firſt thing is to find the logarithms of the lengths, and, multiply 
ing that by 3, we have the logarithms of the cubes of the lengths. ; 


4 == 201. A 303 196 * 3 is 6.909588 
188120 2.079181 Xx 3 is 6.237543 


Having thus ſound the logarithms of the lengths, we have the ſolu- 
tion by the rule of three, by the logarithms. 


As 201 2 255 
Is to 70000 


So is 1207 


10 1489 


Now as the logarithms of the firſt and ſecond terms are conftant num 


6. 9098 8 


384509 
8.222843 


10. 882641 
3.173053 


bers, inſtead of adding the firſt and ſecond terms, and, from the ſum, 
ſubtracting the firſt; we may ſubtract the difference of the firſt and ſe- 
cond terms, which will likewiſe be a conſtant number, and the reſult 
will be the ſame, as by the following operation. 


The firſt term 6.909588 
the ſecond 3.845098 
difference 3.064490 + 


the third term 6.237543 


difference 3.064490 


the fourth term 3.173053 


The reaſon of this is 225 plain, for the ſum of the ſecond and third terms 5 


is . 082641, now out of 


is we are to ſubtract the firſt term 6.909588 ; 


which may be done, by firſt ſubtracting 3.845098; and again, ſubtract | 
Since theſe two numbers make 

6.909588 the firſt term, which is the whole number to be ſubtract- 
ed; and if we do not add the ſecond term to the third, we have only the 
third term left, which is 6.237543 ; and if from this, we ſubtract the 


from that remainder, 3.06449 


e Aifference, 4 664499, "RY in effect ſubtract 6,909588, from 


> 


02 


10. 
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10.082641, ſo the reſult muſt be the ſame, as by the common rule, and 


this accounts for making 1160 a conſtant number: For 3.064490, is 


the logarithm of 1160; which, by an error in the preſs; is in the ori- 
ginal 3.0644 580. 

We may by the ſame principles, nike a 83 rule for Gadling his 
weight of any ſhot, whoſe diameter is given; but we muſt firſt find the 
weight of one ſhot by a pair of ſcales. A ſhot of four inches diameter, 


js ſuppoſed to weigh nine pounds; therefore, as the cube of 4 is to 9, ſo 


is the cube of the diameter of any other ſhot to its weight. 
The cube of 4 is 64; its logarithm is 1.806180; the de ee of 


i 9 is 0.954242 ; their difference is 0.851938. Hence, we have the fol- 


lowing general rule. From the logarithm of the cube of the diameter, 

ſubtract the conſtant logarithm 0.8 51938. the remainder will be the 

logarithm of the weight. | 
Ws i Let the ee be 8 inches ; ; required the Rag? : 


: . o. gozogo 

e 

E _ 2.709270 

conſtant log 9.228 

required weight 72 7557332 
This rule may be applied to gauging of ſimilar veſſels, or finding the 
weight of Gmilar ſolids, which will always be in proportion to the cubes 
of their diameters, or lengths, or any other fimilar dimenfions.. 

But if the ſolids be of equal lengths, and differ only in their. baſcs, as 


is the caſe of cables; their weights will be in proportion to the areas of 
their baſes, or, "which i is the ſame to the ſquares of their circum- 
| ferences, as, for inſtance, if a ten inch cable weigh 20 hundred weight; 


what will a cable of 5 inches weigh? 


As 100 the ſquare of 10 2. 3 
1s to 26 the ſquare of 5 1.397940 


S8oͤo is 20 hund. wt. 1.301030 
To 5 hund. vt. the required wr. 6.698975 


It is upon this principle the rope table is conſtructed, which i is on 


ſome pocket rules. 


To return to our author: . Theſe opprations, r he, may 5 done 
with greater eaſe by the logarithms, only taking three times, the loga- 
rithm of the length of the ſhank in inches, and from thence, ſubtracting 
: conflant a of 1160, which 1 * 0644580, the remade: 

W 


„„ 
will be the logarithm of the weight of the anehor in pounds; but if, on 
the other hand, the weight be given in pounds, we need only add the 
logarithm of the weight to the conſtant number 3.0644 580; and, di- 
viding this ſum by 3, we ſhall have the logarithm of the required length. 
The ſmalleſt ſhips have five or fix anchors, and the greateſt generally 
eight, The mariners have different rules for determining the weight of 
the anchors; and, on account of the conveniency of working the ſhip, 
they have eſtabliſhed it as a rule, that the biggeſt anchor, or, in their 
terms, the maſter anchor, ſhould be three eighths of the beam. 
Another rule, but which does not agree with the firſt, as we ſhall pre- 
ſently ſhew; is to make it weigh half rhe cable; ſo a firſt rate, which is 
48 feet broad, and whole cable is 24 inches circumference, © weighs 
13824; her maſter anchor ſhould weigh 6912 pounds, and the other 
anchors ſhould be half the weight of their reſpective cables. The ſmalleſt 
anchor is the cadge, or ſtream- anchor; in ſhips of the firſt claſs it ſhould 
weigh 2300 pounds, and the length be about 11 feet 7 inches. When 
the length of the anchors is three eighths of the beam, as in large ſhips, 
the weight of the anchor will be in proportion to the ſolidity of the ſhips, 
ſuppoling them to be ſimilar; and, if the ſhip be twice as broad, the an- 
chor will be eight times more weight; but, according to the ſecond rule, 
the weight of the anchor ſhould be half the weight of the cable, and 
the weight of the cable is in proportion to the ſquare of the breadth; 
ſince it is only the circumference of the cables that differ in great and 
ſmall ſhips, the length being always 120 fathoms in all ſhips. When the 
ſhip is double the breadth, the weight of the cable will then be four 
times more; and of conſequence the weight of the anchor, which is in 
portion to that of the cable, will be half the weight it would be by _ 
the firſt rule; that is, in proportion to the beam. e 
_ Although the ſecond rule makes the anchors a great deal lighter, yet 
we may conform to it, becauſe that will be ſufficient when it falls in good © 
ground; but when the ground is ſoſt and ouzie, the mariners make uſe 
of ſeveral expedients to ſuccour the anchor; but the beſt of all is, and 
which. is chiefly practiſed, to ſplice ſeveral cables at one another's end 
ſo they will rub on the ground, on account of their weight; and by this 
means, the effort of the ſhip, on the anchor, will be dimmithed, ES 
A ſhip ſeldom anchors in above 40 fathoms depth, and then it will be 
very proper to have two cables at one another's ends; for, if there is but 
one, the lower part of it will ſcarce bear on the ground, and the anchor 
will be obliged to ſuſtain all the ſhocks and jerks of the ſhip, which will 
come quite home to the anchor; it will not pull it quite out of the 


ground, 
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ground, but drag it, in the ſea term; ſo the chip will TIES, and be in 
danger of being loſt on the firſt rocks, Fig. 8, makes this very plain; 


A is the anchor, at the bottom of the ſea; D MN is the cable, by 
which the ſhip rides, of which we have here only repreſented the bow; 


N the hauſe-hole, thro' which the cable paſſes, between the two lower 
decks; The rope A B, faſtened to the croſs, or throat of the ſhank, is 
called the- buoy-rope, which ſometimes ſerves to weigh the anchor ; this, 
in the ſea term, is called, weighing it by the hour; 5 is the buoy, which 
ſerves to know where the anchor lies. It is very plain, that, if the length 
of the cable be doubled, or trippled, the anchor will be dragged hori- 
zontally, and with a great deal leſs force; for its effort will be diminiſhed 
by the whole power of the friction of the part D Mon the ground. 

7 ſecond advantage is, that by having BO cables at one another's 
ends, they will be leſs liable to breaking ; for all the parts, lying more 
upon a level, they will oppoſe the ſhocks of the ſea in a more perpendi- 
cular direction to the motions which the ſhip receives; whereas, when 


the cable is not ſo long, it will be nearly vertical to the anchor, and there- 
fore cannot bear ſuch a ſtrain: Let the ſpace LO repreſent the force 


with which the thip endeavours to recoil ; and having compleated the 
rectangle L OP Q, LP, the part of the cable which is the diagonal, 
repreſents the effort which the cable thould ſuſtain, which is greater than 
OL; and the more it approaches to be vertical, the more i it is augment- 
ed, though O L continues the ſame. ; 

It is plain, then, that a ſhorter cable is charged mi 2 greater effort; 


and ſhould therefore be ſtronger, otherwiſe it will only bear the ſame 


ſtrain in the proper direction, and will not be ſufficient, in an horizontal 
direction, which is that in which the ſhip endeavours to drive: It is true, 
the horizontal effort O L is all that is to 2 reſiſted; but then the cable, 


being inclined, cannot reſiſt this, inen, with a force 


ſufficient to ſuſtain the whole effort PL. 
The long cable will not be ſo apt to break as the ſhort one; been it 
will bear a great deal more ſtretching, before it comes to the greateſt 


: ſtrain ; @ that, at the fiſt violent tags, becauſe it will not bear Rretching, 


it muſt infallibly break, In 
A long cable may be compared to. a fort of ſpring, -which may be 
very eaſily extended; and recovers its firſt ſituation, as ſoon as the force 


that extended it is removed. Den an this s: ſhip will ride much 


Gnoother with a long cable than with a ſhort one, and be leſs apt to 
N ee e 
when 


#! 


. | 
when a ſhip rides with a ſhort cable, ſhe frequently pitches all the fore 
part under water. e | 1170 
The fourth chapter is on the power and action of oars; and, in the 
fifth chapter, he gives the ning . proportions for maſts and yards. 
All ſhips have generally four ſtanding maſts ; the firft is the main-maſt, 
which ſtands in the middle of the ſhip: The ſecond is the fore-maſt, 
which is pretty near the fore end of the keel; this is nearly as long as 
the main-maſt : The third is the bowfprit, which, inſtead of ſtanding - 
_ upright, ſtives forward, and reſts on the head of the ſtem : The fourth is 
the mizen-maſt ; but ſome ſmall ſhips have not this maſt ; it ſtands abaft, 
towards the poop. Beſides theſe, the main and fore maſts have top and 
top-gallant maſts, and the mizen-maſt a topmaſt. All theſe maſts have 
their particular fails, and are named according to their reſpective maſts. 
The main-maſt is placed in the middle of the ſhip, meaſured from the 
head of the ſtem to that of the poſt, or its whole diameter abaft the mid- 
dle of the ſhip : All.the builders agree in this, but they differ widely as 
to the reſt ; ſome place the fore-maſt preciſely at the fore end of the 
keel; others again take the 40th or goth part of the whole length, from 
the ſtern, for its place; and ſome. will have it ſtand on the ſtem. The 
bowſprit generally ftives, ſo as to make an angle of 35 degrees with an 
horizontal line. Laſtly, the mizen-maſt is about three ſixteenths of the 
length of the whole ſhip, before the head of the ſtern poſt: If the ſhip 
be 160 feet long, the mizen- maſt is 30 feet before the ſtern poſt. 
In France, the main-maſt is generally, in length, twice the Fink and 
half the breadth. of the ſhip ; whereas, the Eng/i/ make it only twice 
the breadth and two fifth parts of the breadth ; ſo, ſuppoſing the ſhip to 
be 40 feet broad, the French builders would make the main-maſt 100 feet 
long, whereas the Engliſb make it only 96. _ . 
The Dutch make their maſts ſomewhat longer than ours, though they 
agree with all other nations in regulating the lengths of their maſts by 
the breadth of the ſhip. The head of the maſt is always the tenth part of 
the length of the maſt. _ „ SEE 2 
I The diameter of the main-maſt, at the partners, is as many inches as 
three fourths of the extreme breadth is feet; ſo, if the extreme breadth 
be 40 feet, the main-maſt will be Too, and the diameter, at the ers, 
Zo feet, that being three fourths of 40 or, which is the fame thing, the 
4oth part of the whole length of a ſhip ſuppoſed to be 160 feet: The 
diameter at the head is generally allowed to be two thirds of that at the 
partners, which will make, it 20 inches. 
1 muſt own, fays our author, it is with violence to myſelf that I 
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am e to give a detail of all theſe; rules, which have not the: leaſt 
foundation in reaſon, and are?proper only to be confuted. 

The fore-maſt.is in length twice the breadth and one quarter more 3 an 


its diameter, as well as that of the. other lower maſts, is about the ,3gth 


Ne of the whole ns, others make. it nine tenths, of the length of 
e main-maſt. | 
The length of the RS ITS is the as: and half breadth of the 
Qhip, and its diameter the twenty-ſeventh part of its length; ſo if a ſhip, 
be 40 feet broad, the bowſprit will be 60 feet long, and 263 inches. dia- 
meter at the bed, and at the cape. it will be half what it is at the bed. 
Laſtly, the mizen-maſt is, in length, the breadth and three quarters of 
the Wd +4 of the ſhip; and its diameter, at the partners, as many inches 
as ſeven ſixteenth parts of ON in ba is r or Fir her. the WR 
cap . of its K. bin Beahlt a 971 1 


85 Pager Nr. 755 , bene io bes 
The Ala in length, is the breadth and Half d breadth of the 


hip, which makes it equal to the bowſprit ; the diameter at the cape | is 
| about the forty-third part of its length.” 


The foretop- maſt, in length, the breadth Lins three eights of the breadth; 


s the diameter, at the cape, the forty-third part of the length. 


The mizen-top- .maſt is half the length of the main top-malt ; and its 
diameter, at the cape, half the diameter of the main-top-maſt. 
The main topga lant-maſt is five twelfths of the length of the main- 


top-maſt 3 and it is half the diameter. 


The fore top-gal lant-maſt is four ſevenths of the length of the fore= 
top: maſt. 

r he ſpritſail topmalt is, in length, two fifths * the main breadth, and 
its diameter generally as many inches as there are ſect in ſeven thirty-ſix 
parts of the' breadth ; chat is, ſomewhat leſs 55 che eee Pt 


of the whole hog, „ 
ne far Yards. e e ee 


The main-y yard, in length, is twice and one ürth W he | main 
breadth; the at che lings, one inch to every foot in two thirds 
of the main breadth; or, Which is the ſame thing, the Oy part 
of the whole. length : The 2 are of a quite different figure from the 
maſts; they taper from the Qlings} towards the ee arms; the diameters: 
3 fat dhe flow: CA 

| The main-top-ſail 4 in rn is Ny main ber and quarter ol 
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The main-top-gallant yard, in length, is three quarters of the main 
breadth ; and the diameter, at the ſlings, half of that of the main-top- 
ail yard. 

The fore yard, in length, is exactly twice the main breadth of the 
ſhip; its diameter, at the lings, one inch to every foot in five eights of 
the breadth. 

The fore-top- ſail yard is, in length, the breadth and ſixth a and its 
diameter ſeven fifteenths of that of the fore yard. 

The fore-top-gallant yard is, in length, two thirds of the breadth:; and 
its diameter half that of the fore-top-fail yard. 

The ſprit-ſail yard, in length, is the breadth and one quarter; and its 
ae at the ſlings, one inch for every foot in the third part of the 
breadth, which will be half the diameter of the main yard. | 

The ſprit-ſail top-ſail yard, in length, is three quarters of the breadth ; 
and its diameter ſeven fixteenth parts of that of the ſprit-ſail yard. ' 

The mizen yard is inclined, on account of the triangular form of the 
fail, and is the hypothenuſe ' of a right angled triangle ; it is, in length, 
twice the -breadth of the ſhip, and its diameter one inch to every foot, 
in one third of the breadth; at the lower arm it-is two thirds, and at the 
upper arm one third of the dings. 

The mizen top-maſt is, in length, three fourths of the breadth; . 
its diameter, half that of the mizen yard. 


O the proper Figure of Mafts and Yards. 


| Our readers, ſays our author, know very well that the maſts, as well 
as the yards, are round, like cylinders, or cones; but, perhaps, they ima- 
gine the ſides are trait. 

The beſt maſt-makers make the ſides of their maſts curves, which 
form an arch of an ellipſe. Our author here ſhews us how they form 
theſe curves; for which we refer to Chap. VII. Se#. I. pag. 106. of the 
| foregoing Treatiſe ; and proceed to the 6th chapter, where he makes 
ſome remarks and experiments on the before-mentioned proportions. _ 

It is eaſy to judge, that the dimenſions of the fails are regulated by 
that of the maſts.and yards. ES. 

The maigamaſ, of itſelf, is 120 feet; the aintop-maſt 72, and the 
 main-top-gallant maſt 30 feet „a monſtrous height, when all theſe are on 
end; andthey are proportionally ſo in leſſer ſhips: If the mariners would 
' but attend deo what they ſee every day before their eyes, they would eaſily 
be convinged, that it would be a great advantage to ſhorten them prodi- 
| gioully And, if they * make 1 yards longet, to gain your xxl 
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loſe in the height of the maſts, A ſmall fail, when very high, will 
have more power to make a ſhip heel than to go a-head.; becauſe, be- 
ing placed at the end of a long lever, it is removed at a great diſtance 
from the center of gravity ; and whereas a larger fail, when placed low, 
has leſs power to heel the ſhip ; yet it does not . hinder it from exerting 
all its effort in reſpect of failing. All that the mariners have to plead 
for this rule is, that experience, and the univerſal conſent of all nations, 
are on their ſide; but we can aſſure them, experience, inſtead of favour- 
ing them, makes quite againſt them. There are daily inſtances of ſhips 
being diſmaſted at ſea; and when they have got up jury-maſts, have ſailed 
as faft as with the proper maſts; on the contrary, when they give a ſhip 
taunter=maſts, ſhe will not fail ſo faſt as before; an inftance of this hap- 

ned ſome years ago in his majeſty's ſhip the Content, which they maſked 

Pda the common rules; or, perhaps, only obſerved them to the ut- 
molt rigour, and immediately the loſt a great part of theſe advantages; a 
certain mark that the maſts are too high. 8 7 
Me perfectly agree, with our author, that when ſhips are diſmaſted in 
a very hard gale of wind, and the ſea running very high, they will fail 
better with jury than with their "a maſts, even when the top-gallant 
maſts are ſtruck, and all their fails handed; but when the ſtorm abates, 
and becomes moderate, ſo that a'fhip can carry top-gallant fails, it is pre- 
ſumed ſhe would ſoon run another ſhip, with jury maſts, out of fight. 

But the height of the maſts, ſays our author, is not the only fault that 
attends theſe rules; there is another ſecret evil which they carry in their 
bboſom; they do not conform to the laws that ſhould be obferved in, ſhips 

of different dimenſions. If one ſhip is twice as long, and twice — 
they make the fails of this laſt double the dimenſions of the firſt; but, 
aas all ſhips are allowed to heel, a ſmall ſhip ſhould have a great deal leſs 
ſail, in proportion, than a great ſhip: Suppoſing one ſhip half the dimenſions 
*of another, the ſmall ſhip will only be the eighth part of the ſolidity, and 
the eighth part of the weight of the great one; and, as it is the weight 
that oppoſes the wind, when it makes its effort to overſet, or at leaſt 
"to heel the ſhip, ſhe will have but the eighth part of the abſolute force 
which is neceſſary to ſuſtain the ſail; but this fame force, which is di- 
miniſhed to one eighth part, is collected in the center of gravity, and ap- 
plied with double diſadvantage. Seeing all the dimenſions are leſs by 
One half, the center of gravity will be but half the diſtance below the 
_ * decks, or load - water line; ſo the relative force, by which the weight of 
the (hip oppoſes the effort of the wind, is only the ſixteenth part of what 
" the large ſhip has, In order to judge if theſe rules be good or bad, Wekaye 
ye S I | 88 1 LET Fa on 
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only to examine if the relative force, which the wind has to overſet a 
ſmall ſhip, be likewiſe diminiſhed to a ſixteenth part; and, if they agree, 
the equilibrium will not be deſtroyed, - This will be a mark that the rules 
are perfect, and we may continue to make the maſts proportionate to the 
other dimenſions of ſhips. _ | 
But when the dimenſions of the fails of ſmaller ſhips are half the di- 
menſions of the large, the ſurface of the fails is only diminiſhed one quar- 
ter; It is true, the center of that effort is but half the height above the 
ſhip, and, of conſequence, applied to the lever of only half the length: But, 
when all is conſidered, the relative force which tends to overſet, is only 
diminiſhed to one eighth part; whereas the other is diminiſhed a ſix- 
teenth part, as we have Juſt now proved. It is plain then, that the force 
of the wind will predominate, being two-fold too great ; fo that if the 
great ſhip be properly maſted, the ſmall one cannot be fo likewiſe, but 
will be in danger of overſetting. | | «TD 
To ſpeak in more general terms, the relative force with which the 
ſhip oppoſes the effort of the wind, is diminiſhed in proportion to the 
{ſquare of the ſquare of the keel, or of the breadth and the weight; or the 
abſolute force is diminiſhed in proportion to the cubes. But the relative 
effort of the wind is not diminiſhed, but as the cube of the keel, or as 
the cube of the breadth ; ſince the abſolute force of the wind, which is 


would procure. ; ü | Te 
The common rules being thus found deſective, e cannot ſubſtitute 
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of the fails multiplied by the ſquare of their height; ſince this height 
augments the extent of the ſails, and at the fame time makes the center 


of their effort higher: On the other hand, we can ſcarce diſpenſe with 


regulating the breadth of the fails by. that of the ſhip; we may make 
them more or leſs, but they ſhould always depend on one another. So, 
fince the relative force of the ſhip, to ſuſtain the preſſure of the ſails, is 
as the ſquare of the ſquare of the breadth, the an force which the 


fails have to make her heel is as the eee that ſame breadth, by 
the ſquare of the height of the maſt: But if there be an equilibrium be- 


twixt theſe two forces, there will be an equality of ratios betwixt the 
two quantities that expreſs them; and this 8 will ſubſiſt if the 


two quantities divided by the breadth. Hence it follows, that, to have two 
fimilar ſhips properly maſted, the ſquares of the heights of their maſts muſt 


be as the cubes of their breadths, or of their lengths. This theorem may 


ſerve as a rule; and it will always be eaſy to determine the dimenſions 
of the mafts of any ſhip, provided we have another properly maſted, 


which may ſerve as a ſtandard. 


It ſeems there can be no inconvenience in regulating all maſts by thoſe 


of the third claſs. In a ſhip of the third claſs, which is 3 37 feet long, 


the ſails on the main-maſt are generally about 118 feet high. In order 
then to find the height of the fails of a fimilar ſhip, which is 83 feet 
long, we have only to make this ſimple proportion: As the cube of 137 


zs to the ſquare of 118, ſo is the cube of 83 to the ſquare of the height 


of the ſails, on the main-maſt of the ſecond ſhip ; this ſquare is 30906 
and, of conſequence, the required height of the maſt is about 5 5 feet; 
vrhich, by the common rules, would be 712 feet. Tho' this operation is 


But if the ſecond ſhip is not fimilar to the firſt; if the be either 


not long, it may be ſhortened by the logarithms. 


broader or narrower, deeper or ſhallower, the maſts muſt undergo a ſe- 
cond change in proportion to the breadth ; that is, if the ſhip, which is 


83 feet long, inſtead of 23 feet broad, according to the common rules, be 


only 155, or two thirds of 23, the height of the maſt muſt be only 37, 


inſtead of 553. It is eaſy to remark, that the ſhip being the fame length, 
but a conſiderable change in the breadth and depth, the height of the maſts 


muſt receive a proportionable change. 


For, ſuppoſing that the breadth of the fails is regulated by that of the 


ſhip, and that the height of the maſt is likewiſe changed in proportion to 


the ſame breadth of the Kak the extent of the ſails, and, in conſequence, 
the abſolute impulſion of the wind, will be in proportion to the ſquare of 
that breadth, and its relative force in proportion to its cube; at the ſame 


0 { 
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time that the relative force with which the weight of the ſhip reſiſts the 
inclination, is proportioned to the ſame cube, and not to the ſquare of the 
ſquare, ſince the length of the ſhip is ſuppoſed till the ſame; for it 
follows from thence, that the alterations made in the fails, anſwer exactly 
to thoſe made in the breadth of the ſhip, and that the equilibrium 
is no ways altered. If the breadth be doubled the fails will be 
doubled, both in breadth and depth; ſo the ſurface will be quadru- 
| pled; and, when the height of the center of gravity is likewiſe dou- 

bled, its force will be eight times greater; but if the relative force 
of the wind, to overſet the ſhip, be eight times greater; on the ether 
hand, the weight of the ſhip which oppoſes that has eight times 
greater force, and then we ſhall have nothing to fear. The ſhip in 
effect has the ſame number of vertical ſections perpendicular to the 
| keel, which are the elements of the ſolidity, but each will be quadru- 
pled, and the quadrupled weight of the ſhip, being fituated twice 
as low, or with double advantage, fince the depth is likewiſe dou- 
bled, will have eight times the force preciſely, as is neceſſary always 
to retain an equilibrium with the effort of the wind. We now perceive 
the e. of joining this ſecond rule with the former, which every one 
may eaſily do, who has one ſhip properly maſted, by which to determine 
the dimenſions of the maſts of all other ſhips, even of thoſe which are not 

ſimilar, provided the vertical ſections of the immerged part be ſimilar. 
The firſt rule is, that the ſquares of the heights ſhould be as the cubes 


of the ſimple dimenſions. % l 22x, FFC 
The ſecond is, that the heights of the maſts ſhould be proportionate to 
the breadth of the ſhips, provided they be the ſame length. | 


Theſe two rules being admitted, we may uſe the beſt we can pick 8 


out of the common rules, and examine the heights of the maſts of each 
ſhip, as if ſimilar to thoſe of the third claſs, as they build them at this 
time; and then we need only enlarge, or diminiſh, the fails, and the 
| 2 of the maſts, already found, according as the ſhip is great, or 
8 ee ont | | ; 
Me may find other rules, which tend to the ſame end with the preced- 
ing. As for example, a third is, that in ſhips of the ſame breadth, but 
of different lengths, the heights of the maſts ſhould be as the ſquare roots 
of the lengths; for the relative force which theſe ſhips have to ſuſtain 
the preſſure of the ſails, or to oppoſe the inclination, is L to 


their lengths; ſeeing the other dimenſions are no ways altered. The cen- 


ter of gravity is neither raiſed, or lowered; it is only the whole weight 
that is greater or leſs, according to the length; and the — will 
A | | | Ways 


gn | . ( } e 
always be in the ſame proportion: But when the breadth of the ſhip con- 
tinues the ſame, that of the fails will likewiſe be the ſame; and the re- 

lative force they have to make the ſhip heel, depends wholly on their 
height, but that is two ways: The firſt is, Hates the height of 
the maſt will increaſe the ſurface of the fail expoſed to the wind; the 
ſecond is, becauſe the center of effort is raifed, or the lever is longer; fo 
the relative force of the fails increaſes the ſquare of their heights, and in 
caſe of an equilibrium, that ſquare muſt be proportionate to the length of the 
ſhip, which expreſſes the other relative force: And of conſequence, the 
heights of the maſts and fails ſhould be proportionate to the ſquare root 
of the length. Suppoſing that, without altering the breadth and depth, 
we ſhould make the ſhip four or nine times longer; we need only, ac- 
cording to that rule, double or triple the heights of the maſts. Laſtly, 
if we add this third to the ſecond above mentioned; namely, that in ſhi 
of the fame length, but of different breadths, the heights of the == 
ſhould be proportionate; to the breadth, we may from thence deduce the 
following fourth theorem. n. „ 
In ſhips of different lengths and breadths, the heights of the maſts 
ſhould: be in a compound proportion of the breadth and of the ſquare 
root of the length, or they ſhould be as the products of their breadths, by 
the ſquare roots of their leng ts. | | 
Such of our readers; continues our author, as are not well verſed in 
geometry, may eaſily be convinced of the truth of the moſt part of what 
has been ſaid on this head, by trying experiments. If the heights of the 
maſts ſhould have the fame proportion in all ſhips, it muſt hold in the 
ſmalleſt as well as in the largeſt; and, on the contrary, if thoſe rules are 
erroneous, the true way to diſcover the fault will be, to maſt an enormous 
large ſhip by theſe rules, and likewiſe a very ſmall one; perhaps one or 
two feet long; this will be, as the ſaying is, hitting the nail on the head. 
We may by this way bring the rule to ſuch a proof, as may be deemed 
the true touch ſtone. When I was at Havre de Grace, continues our 
author, and ruminating on theſe things, I cauſed two ſmall ſhips to be made 
perfectly equal; and of the ſame form with the Gazele frigate, building 
at that time for the king. My two ſmall ſhips were each about 18 or 20 
inches long, I cannot be poſitive to the exact length; but this I may 
venture to affert; that they were exactly ſimilar to the frigate, and one of 
them maſted according t& the eſtabliſhed rules. I took upon me to maſt 
| the other, which I did not to the utmoſt perfection, that I might depart 
_ as little as poſſible from the common rules. In ſhort, we gave the two 
ſhips the ſameloading and ballaſt, we carried them to a piece of mw of 
S8 Þ #7 hos ; | 8 cient 
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ent extent for our purpoſe, where they were dx poſed to the whole 
force & the wiml, which then blew pretty hard; the experiment was 
ſcarce Mun, when that maſted in all reſpects fimilar to the Gaz ele, over- 
ſet topſy-turvy a hundred times, to the great aſtoniſhment of all the 
ſpeCtators : Not conſidering that agbough all the parts could be made 
proportionate to thoſe of the trigate, bY: 50. Fr 60 times leſs than the cor- 
reſponding parts of the frigate, yet they could not at all abate the fury 
or force of the wind, and by this means they expoſed the little ſhip to a 
perfect ſtorm ſo furious, that the-greateſt ſhip could -never encounter. 
It is granted, continues M. Bouguer, that the 1ails of the ſmall ſhips are 
60 times leſs than thoſe of the frigate ; and therefore the impulgon they 
receive, will be 3600 times vgs than thoſe received by the ffgate, al- 
lowing the wind to blow with the ſame force, and the effort of the wind 
to overſet the ſhip, will be 216,000. times leſs. But the force which 
the weight of the ſmall (hip has to recover or right herſelf, is likewiſe 60s 
times leſs, for the weight itſelf is become 216,000 leſs, and when applied 
to a lever, 60 times ſhorter, it ſhould have 1,296, oooo leſs relative force. 
After this, it is no ways ſurpriſing, that the ſmall ſhip which has 60 
times leſs force, in proportion to the Gazele, to ſuſtain the preſſure of the 
fails, ſhould not for ene moment reſiſt the effort of the wind, not even 
when great part of the fails are furled ; and ſeveral other expedients tryed 
by many who intereſt themſelves tog much to preſerve theſe proportions, 
and fave, if poſſible, the credit of the common rules. I fairly own that 
the model I made overſet likewiſe ſeveral times; becauſe, as 1 obſerved 
before, I ſatisfied myſelf in making the dimenſions of the maſts, nearer 
to the true, only in retrenching ſimply the principal defects in che com- 
mon eſtabliſhment; and the wind at the ſame time blew in heavy ſqualls, 
but the other ſmall ſhip, after ty had reeft part of their ain. overſet 
20 or 30 times to one of mine, which is a plain proof that the maſts 
ſhould not be proportionate to the other parts of the ſhip. 

In the ſeventh chapter, he treats of the names and uſes of the ropes, | 
which conſtitutes the Randiog andnunning rigging ; which concludes the 
ſecond ſection. 

- In the third ſection, he treats of the abſolute * force of nd 
whether wood, iron, or any other metal uſed in ſhipping, and enden wm 
from thence to make a general rule, for determining the  ſcantlings at 
every particular piece of timber in a chip: eee whether the 
common methods are ſufficient for preventing ſhip's hogging or am- 
wen ; this takes up four chapters ; but as N. has given —_ 
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table of ſcantlings and dimenſions, we refer our readers to the Appendix 
for determining that point. 

In the fifth chapter, he gives us the following account of tfolia of 
leaſt reſiſtance ; that is, ſuch as is not liable to be broke in one part 
more than in another, 

Seeing it is certain, that“! in ark, bodies whoſe elementary Lices form 
ſimilar figures, the relative reſiſtances are in proportion to the cubes of 
the diameters of theit thickneſs, we may from that principle determine 
the figure of the ſolid of leaſt reſiſtance, that is folk as is not liable gs be 


broke in one place more than in another. 


Suppoſe a power applied to the top A of the body A B, Fig. 9, — 
acts at the upper end in the direction A & perpendicular to the axis of 
the ſolid, of which all the elementary ſlices are ſuppoſed to be either 


ſquares, or cylinders; this power will have more or leſs relative force to 


break the body according to its diſtance from that part which bears the 


greateſt ſtrain, If that Tart be near to the top, the relative force of the 
power acting on A will be weak, but ſtronger when at a greater diſtance; 


it will always be proportionate to that part of the axis A C, which ſerves 
as a lever to the power: Now the relative reſiſtance of ſolids, which are 
as the cubes of their diameters, ſhould be equal to the relative efforts of 


the power that preſerves the equilibrium; fo the cubes of the diameters at 
different parts of the lengths, ſhould be in proportion t the lengths of 


the parts of the axis; conſequently the folid of equal reſiſtance in all its 


parts, ſhould be a conoid formed by the firſt cubick parabola. A power 
at eight times the diſtance will have eight times the effort to break the 


- Jolid, on which account the diameter at that place muſt be double that 
which i is at the top, where the power * ſup to act. If the power 
is 27 times the diſtance, it will have 27 times _ rchaſe ; but if the 
diameter at that place be three times bigger, it be able | to ſuſtain 


that whole weight.  - © 
We need not — cue this ſhould be the FR of nals; ; it t will be 
proper here to ſhew how this cubick la may be deſcribed, which 
may be done by the following method, delivered to us by our author. 
Divide the length into 64 equal parts, and the diameter at the partners, 


into four equal In order to etermine the diameters at theſe ſeve- 


parts of the ngth ; at 27 parts of the length, the diameter is three 


1 ,. that at the pa goes at 8 of the length of the diameter, half 
that at the the 
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2 10 * yards, they ſhould: not have the ſame 8 they 
ſhould minate in a point at each end, and each half ſhould. be formed 
by the revolution ff ſecond. cubick © parabola. It is eaſy to perceive 
the reaſon of this difference; that power gary tends to break” the yards 
is not only applied at a leſo diſtance towards the extremities, but is alſo 
leſs, becauſe the effort of the ſails being diſtributed the whole length of 
the yard, there will be only that force which exerts itſelf on each part of - 
the yard, The whole effort which the maſt *ſhould ſuſtain, is applied at 
the top. Jo it is always the fame abſolute force which tends to break the 
maſt; © whereas in the yards, the abſolute force is greater towards the 
middle : The middle of the yard has not only the greateſt effort to ſuſtain, 
but this force is likewiſe applied at a greater diſtance. If we examine 
the effort of the fail at one quarter of the length of the yard, we ſhall 
find it but one half of that which it is at the middle, and, beſides, the cen- 
ter of its effort is applied" but at one half of the diſtance. In one word, 
the relative forces which tend to break the yards are, as the ſquare of | 
their diſtances from the next yard arm, and as the reſiſtance ſhould be in 
an equilibrium with 'theſe forces, it muſt follow that the cubes of the dia- 
meters be in proportion to the ſquares of the diſtances from the yard arm. 
Hence, if we divide h the length of the yard into 64 equal parts, and 
the diameter at the flings i into 16, the diameter at 27 parts of the length 
accounted from the yard arm, muſt be nine fixteenths 7 that of the flings; 
at 8 parts of the length, the diameter muſt be one quarter of that at the 
Aings, and at one ſixty- fourth of the length, the diameter muſt be one 
| of that at the ſlings. 2 Io $147 2.03 15 at (eas SON. 
" Ont ainhbr, [cheif/confders dhe whats that loud be OY of ſeveral 
. being too large for to be made of one tec, and thinks they ſhould 
de of a different form; at the ſame time, he tells us, the mariners do 1 
conform to any of theſe" pro 55 and thi 4x 25 as 115 ch deceived 
in reſpect of the fipure 27 in agth; thong ry ſentible, 
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Tonvenient on fome occaſions to ufe other methods, which may be mcke 
directly applied mers Ae center of gravity. Thus far our author. 
We ſhall here add, that ſome uſeful diſcoveries may be made by mo- 
Py or blocks, and this, we conceive, with as great certainty as by cal- 
culation ; for it muſk be allowed by the niceſt calculators, that the data 
taken from the draught of a quarter ſcale, may be liable to great errors ; 
but, upon ſtrict examination, we. may venture to aſſert, that thers 
are very few ſhips that have both their ſides exactly equal in every reſpec, 
and there need be no more . proof of this, than ſuſpending 
the block by a piece of pack-thread faſtened to a hook in a $a 3 of 40 
ſtrait line, drawn from the middle line of the ſtem to that o 
This hook may be moved forward and aft to different places in — wk 
dle line, and a plumet ſuſpended from the upper part ef the midline of 
| the ftem, and another from the] 40 br er part of the middle line of the 
Bel if the two ſides he 181 equal dimenfions, and likewiſe 
ne, they will be of equal 927 plane paſting through theſe 
es ines, whatever part of the 1 raid e line He hook be in will likewiſe 
pats through the middle line of the keel, tem, and poſt; a block that 
will ſtand this proof may be truly faid to be a moſt valuable piece 
2 workmanſhip, poorer tf to the greateſt poſſible” perfection, and 
y be deer the maſter-pjece of ti 05 and muſt redound to the 
| gde of the workman. | 
The block bein ns, ided, . nich by the hook, the 
283 ths at the 7 oft at the lane ime cotreſponding to cher | 
middle-lines, and to dr we ds the block, we may hold a bat- 
ten out of winding, à term wet n to the thipwrights, with the line 
that ſufpends the block, intron Re ge HET block; a 
vw pig he through this pencil 1 * . 1 — to the keel, and paſ- 
roch the line that fuſpends the Block, will likewiſe paſs 
Fa. fre the center 07 gravity, Ahle th therefore, muſt be ſomewhere in 
this plane; again, move the hock to ſome other pert uh inthe een line, 
and let the block be ſufpended from that point; draw alſo hy. 
cil line out of winding, with this Jaſt line by ſuſpenſion ; The burt interſe 
of the two pencil lines will give the height of eche center 'of gravity 7 wm 
the keel, and like wiſe its diſtance fror 7158 and ſtem; ab if the hook 
be moved to ang other n che midline, and a pencil line dtawn as 
defore, it will Weit terſect in the fime point, 55 let there be never 
4 8 pA en aſſümed in the middle line, and the block fufpended” by 
nell lines drawn, they will all interſect in the fame point, 
= as the "cetiter of Ris will Nen be in that plane which 4 — 
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through the middle line: of: the keel, Heme one: poſt, it OOF; with cer | 
tainty, be marked on the draught. 


It muſt be allowed this will require the _otmaſt ; nicety, and, i ooll 


executed, will agree exactly with that found by calculation, provided the 


dimenſions be taken with an exceeding. 4+." ſale of equal parts, for 
which we judge the diagonal ſcale of ns Parts in Plate II. of the fore- 
going Treatiſe to be ſufficient. I'S oh} 
Having Ships: found the center, of _ of the iomerged part, we. | 
may, by the! like 19 * find the Tn, gravity of the. hole th | 
compleatly. rigg and w 3 guns, ammunition, ,proy 
ſions, Sc. on ER In 2 to When be model muſt be FP Jeet | 
her upper works, .&c.. ſimilar to the ibs, maited,. Ba and haye the 
ſame Wa of g Sr ſhot, calks, caſt ball art, exery particular 
885 5 p G bt of Tie . al | nar ihe oe: 
ve ſpecies in ip, 19, rtion to the cubeg 11. 
milar n yr theſe” uh ons fv In the model, they 
may be ſhifted: fore Fs 5 1 higher and lower, till ſuch time as by re- 
per trials the center of. g . vity, of; the 'who hole. thip may bb. properly | 


uated with reſpect of that ofthe immerged part... ut gle 
It muſt be a owed. is will requi ut! care the utio 4 
but! it muſt likewiſe be allowed, it As 1 tg 1 A Sn. the execution, 5 


to find the exact di menſions of. 1 222 ections a5 OR Thin. elpocilly 
as every dimenſion in the ſhip is 48 times bigger than their ſimilar 

the, draught, ſo. that an, etror of a quarter pf. To h in the ee 
which is only the 48th part of a real; inch in the op. Wil! occaſion. ar 
error of 1 19592: cubick quarters of . an n the the er- 


* 


tor be in all the thre e dimenſions, viz. length, breadth, a ad thickneſs, 9 0 


There are ſeveral. models compleately maſted,. e with guns, an- 
cots. Se. proportioned to thoſe of the ſhip; 1 ſueh 48 haye 77 in poſ⸗ ö 
ſeſſion may make ſeveral i uſeful e EXPE! riments In Water; 5.48: few. of, - which 


we ſhall mention. Aa” . ron Key þ 4 T7; A 
hen, prope 4 ed tothe 


+} 10 3 


| hi of; Bip wh 


© Firſt, to find the whole. w 


To attain this, let the 3 Toe be an with a pencil on the 
model, and loaded till that line come exactly. to the water's edge, after 
which take the model out of the Water, "The let it be e till all 
the water drains off, and then. weighed. The fo following; de 


| 8 the weight of the. ſhip;. 1-18 to th e -weight of-t block; as the 


be of 48 is to the, Fog of the ſhip... Mete, this may be done with- 
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ponderous body, that will ſink the model to any propoſed draught of 
water. If the weight of the ſhip be given, we may find what the weight 
of the block ſhould be by the reverſe of this proportion. We ſhall il- 
luſtrate this by an example. C elbe e ee 
Example. Admit a model, when properly loaded, weighs 163 ounces, 
what will be the weight of the ſhip in ton? k 
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As the index of this logarithm is 7, the natural number muſt conſiſt 
of eight places, and the anſwer will be in ounces, which cannot be had 
in the common tables, We ſhall therefore reduce them to tons by the 
common rules, of reduction. Firſt divide the ountes by 16, gives pounds: 
divide the pounds by 112, gives hundreds; laſtly, divide the hundred by 
20g, and we N in tons. No all this may be done by e 
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the ſum of the logarithms of theſe three diviſors from the ſum of the 


a" 8 "— 


garithms of the firſt and ſecond term, as in the preceding operation. 
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| Hence we have the following general rule # T. the logarithm of the 
weight in ounces, add the conſtant logarithm'of48?, which is 5.047727, - 

and from the ſum ſubtract the conſtant logarithm 4. 554368; the re- 

mainder will be the logarithm of the number of tons. i mult be obſer- - 
ved, that if the ſcale be not a quarter of an inch to a foot, we muſt not 
take the logarithm of 48*, we muſt find how many of the parts that re- 
preſents one foot in the draught will make a real foot ; as for inſtance, if 
the draught be a three eighth ſcale, it will take 2 of them to one foot, 


, * 


ſo that in that caſe we, mult take the logarithm. of. 3a ; if by a half inch. 
be the logarithm” of 24" 5 If by « three quarters, the. logarithm, of 
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| Secondly, we may, by the ſame rule, find the weight of the ſhip. 
when launched: It is only curry, the block to the ſame dranght of wa- 

hen launched, and then taking the. waight in. ounces, | 
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and uſe the ſame as before; we may the ſame when bal- 
laſted, when . we may "wes of the maſts, guns, 
proviſions, &c. or how much weight will be neceflary to be put on board 
to make her draw an inch more water. It muſt be underſtood; that this 
_ tule- will give the tons, in the common acceptation of that word; for by 

that is meant the builders tons; for finding which there is an eiabliſhed 
rule, which may vary according to the cuſtom of the place ſhe is built 
in. The freight of goods in the merchant ſervice is either in weight, or 
bulk; the weight is 20 ct. to one ton, and 40 cubick feet make one 
ton. 


The mn nad for determining the tonnage of ſhips taken into bis Ma- 


7 
fall a perpendicular from the back of the main poſt at the heiglit 

of the wing cranſor, to the rit of the keel prodo ced. | 

. . 
for the rake of the poſt,” and from that point meaſure to the 
let fall from the forefide of the ſtem, 2 | 
E keel; to make uſe of « Fquare applied to the baſe board, cr 
249; Deduct three fifths of the extreme breadth aut of chat ength, the 

remainder isacconnted the length of the keet far tor Ju 
. r k is product by 
the half breadth ; divide this ni cr 1 the 2 will give the 
required tons; or, which is: of the 
keel by the ſquare of the breath, and dine the product by 188 ; the 
1 will give the tons. 
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ſew, if any ſhips, are ;exas „n. * 
is Apen they ſhould, unleſs the thickneſs of the plank. be laid down, 
in the draught, which, perhaps, may be one of the moſt intricate ope- 
rations in the practical part of ſhip- building; however, 1 ſhall attempt 
it in another place. The chief deſign of laying down the propoſed di- 
menſions on paper, andthe in the loft, is to determine the exact form and 
| bevelling of timber in the ſhip, which is now done to ſo great per- 
fection in bis Majclty's dock-yards, that they want very little reconciling, 
when going to be planked, As there is ſcarcely a poſſibility of aſceruin- 
ing the true dimenſions from a draught, it ſeems there can be no great 

t dependance on the calculations mentioned by our author. He has, to 
50 at honour, carried his inveſtigations to the utmoſt nicety ; having 
the minuteſt circumſtances, and the alterations the ſhip under 

in all 2 A and has N the theory of ſhip-baild-. 

ing to as great perfection as the nature of hows 6 ep 
few Gipmrix Papal Tg I hs re 

"ho 5 the eleventh chapter, ſhews how to find, by a 

experiment if cke center of gravity.oba hip be properly ſituated, even alter 


time is built, 


It would, ſays he, undoubtedly be of great advantages alter a ſhip is 
built, rigged, and loaded, to have it in our power to be well aſſured, even 
when ſhe. is in the harbour, that the ceater gt graviey be fee ſituated 
with reſpect to. the metacenter. 

Sometimes there are many things ranged and placertin a-very diffarent 
— The conſumꝑtion of ammunition and proviſions in à Jeng: 

is very conſiderable, and it will be neceſſary to know what changes 
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vided we know” only the metacenter; for, baving 


il tons, anditsJiftance from Y Z be 30 feet, its moment i de erpeß 


4 


| the b een z at leaſt, vrhen the inclination is but ſhall Now if that 
diſtance, and likewiſe the whole weight of the oo be known, we have 


likewiſe its moment, or the relative force with which that weight acts, in 
endeavouring to right the ſhip, and bring her again into an horizontal ſitu- 
ation; but ſince both the ſituation, and likewiſe the weight that produces the 
inclination are known, we may from thence know if the moment of 
one be equal to that of the other, and thereby eaſily diſcover if the 


a center of gravity be in that very point we propoſe. 


We'cannot be too nice in taking the quantity of the angle of incli na- 


Hou for the ſucceſs of the whole experiment depends on this: To attain 


this, we may uſe a level line for the ſenſible horizon of the ſea, or a 
plumb-line faſtened to the head of the maſt, and take its diſtance from 
Bs foot of the maſt, both when the ſhip is upright, and likewiſe when 


the heels; the plumb line ſeems to be the moſt convenient, becauſe we 
Have thereby immediately the proportion in which the center of gravity 


recedes from the vertical of the metacenter, which will always be in pro- 


12 to the diſtance of the plumb- line from the foot of the maſt. 
e 


muſt be very careful, during the whole time of the operation, 8 | 
render all the circumſtances abſolutely the fame, that we may be we 
aſſured the inclination ĩs produced only by the weight applied to the out- 
kde of the ſhip: No doubt, this will require the affiſtance of many 
hands, to put every thing requiſite in its proper place, but they muſt 
withdraw, I the diſtance of the plumb-line and the other dimenſions 


dre meaſuring. The weight of two or three, or ſometimes even ten 


men, need not be regarded; whereas the weight of the whole crew 
would produce a very ſenfible alteration ; and, I conceive, the crew might 


be'difpoſed to great advantage in this experiment, as they may be calily 


Nee the up 2 


weight that produces the inclination, and examininę RZ, it its > Aitance 
from the metacenter, or from the vertical that paſſes ugh that 12 10 
and on which the effort of the water exerts itſelf, we bave like wiſe it 
moment. or Its relative force, which is equal to that of the weight of tl 


moved from on place to another. 


We may, by this means, find the center of telt 


whole ſuaip fine: theſe' two exactly ballance one ähother; ſo it is Gly 
__dividibg'this moment by the whole weight of the-ſhip, and the quotient 


ee bs the diſtance of the center of gravity, G, from Y Z, the ver- 
tical-of the metatenter. If the weight that makes the ſhip incline be 


by * 


nent is de by 1800, Which is ſuppoſe 


be the whole weight of the ſhip, we ſhall find that the diſtance of the 
center of gravity is from the vertical, Y Z, one inch. After this, it will 
be eaſy to diſcover how far the center of gravity is below the meta- 
center g; fince there will always be the fame proportion betwixt the 
diſtance of the plumb- line from the foot of the maſt, and the height of 
the maſt, that there is betwixt G T, one inch, the diſtance of the center 
of gravity, G, from Y Z, the vertical of the metacenter, and g G, the 
diſtance betwixt the metacenter and the center of gravity. If a plumb- 
line, of 50 feet long, is one inch diſtant from the foot of the maſt, we 
have this proportion, 1: 50 :: 1 (inch, the diſtance of the center of gra- 
vity from the metacenter) : 50 inches, which makes G g, the diſtance 
of the center of gravity, below the metacenter 4 feet 2 inches. 
Me may remark, that, in order to determine this exactly, it is not ne- 
ceſſary to know the preciſe point in which the metacenter lies; it may be 
ſuppoſed in the middle of the breadth- line O C on the upper deck. 
The ſmaller the weight is that makes the ſhip heel, ſo much the 
greater muſt be its diſtance from the ſhip; however, an error of ſome 
inches, in the horizontal diſtance of the weight, will be ſcarce per- 
EE TE” E 2 
In fine, where neither the ſituation of the center of gravity, nor of 
the metacenter, is known, this experiment will at leaſt have one conſi- 
ſiderable advantage, that thereby we may know if theſe two points are 
always fituated in the ſame proportion with reſpect to one another. We 
may, by this means, be in condition to 19 the profit of all experi- 
ments made in former voyages, and eaſily find the ſhip's beſt failing trim, 
which the mariners call her ſeat in the water; and it is only by theſe re- 
peated trials, that hitherto they have found it out. Though the builders 
always draw a water-line on their draught, to determine the preciſe draught 
of water the ſhip wilt draw when loaded; it is but too true, that they 
have no certain method to aſcertain this, and are altogether ignorant what 
ſhould be the difference of the draught of water afore and abaft. | 
All ſhips have a ſcale of feet and inches on their poſt and ſtem, to 
determine the draught of wates afore-and abaft : We may, by this ſcale, 
diſcover if the whole weight, and if the goods be ſtowed exactly in the 
ſame manner, with reſpect to the length of the ſhip, and likewiſe if the 
center of gravity be properly ſituated in reſpect of fore and aft. But tho 
theſe be important diſcoveries, yet theſe alone are not ſufficient ; for, 
admitting we have all theſe, the center of gravity may be either too 
high or too low'; to aſcertain which, we muſt have recourſe to he 1 
eeding experiment, Thoſe who have the charge of navigating the ſhip, 
Supp 3 F 2 and 
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and ſtowing che goods, make particular mention in theis n of the 
weight of the cargo, the number of guns, the exact draught of water 
fore and aft; they need only make one remark more, which is, to ſpe- 
cif, the exact weight that will be neceſſary to be laid on the outhide, 
in order to make her heel to a certain determined point. 
When all this is given, it ſeems we know all the circumſtances of the 
weigbt, which contributes to the ſafety and perfection of navigation; for 
what more can be deſired, but the exact quantity of that weight, and the 
preciſe point in which it is united. It does not appear that the mathemati- 
cians who have examined this ſubject, have proceeded on any other ſup- 
poſition, than to render our examination compleat: Theſe reſearches muſt 
esd further. The weight of the ſhip may be exactly the ſame, 
and the center of gravity may likewiſe be ſituated in the ſame point, with 
reſpect to its height, and yet produce different effects. The effect will 
be exactly the ſame while the ſhip continues in the ſame ſituation; but 
it will be quite different, when the ſhip begins to rowl, and this may 
happen even in a calm, when a ſhip has no head way. If any. exterior 
cauſe, as the continual motion of the ſea, or a ſudden ſhock of the 
waves puts the ſhip out of her horizontal ſituation, on recovering: herſelf 
the contracts a motion which makes her incline to the oppoſſte fide, and 
her oſcillations continue ſometimes a conſiderable while; becauſe the 
exterior cauſe is renewed, and acts a ſecond time, eh wee the 
motion : This concludes the ſecond ſection. 5 7 
he third ſection contains three chapters. | 

The firſt on the point, round which the tip rowls, and how far the 
weight will conduce to her rowling. | 

The ſecond; The figure of the ſhip being given, and the diſtribution 
of its parts, to know the direction of the oſcillations. , 

The third chapter is to find the changes produced on the. akin. 
by the tranſpoſition c of ſome parts in the ſhip, with ſome. marks on 
'pitchin; | 
| b As M. Dubamel's remarks en q the ſabſtance of ut We our oe 

has ſaid on this ſubject, we reſet Our readers to our tranſlation of his 
tenth chapter of his ſecond edition, eich is hereto ee and pals | 
5 on to the concluſion of M. Bouguerõ ſecond Bott 

After expatiating on the great advantages that Will accrue to naviga- 
ting, by a proper ſituation of the center of gravity. He ſays, no labour 
ſhould be thought too great to obtain it; and that the builders, endea- 
_ *vouring to make two ſhips equal in point of failing, have made their 
4 Pang: ſo re oy, Nes ond of the ſame Hgure, that no difference could be 


4 ; perceived 
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1 W 
perceived in the very minuteſt article : But theſe ſhips were ſcarce out of 
harbour, when their difference, in point of failing, ſhewed itſelf in a 
very great degree, to the extreme amazement of all the beholders. Js 


great difference cannot be attributed to the chimerical cauſes, for they 
deſerve no better name, to which they have recourſe. Whence comes 
this difference, if not from the center of gravity, the ſituation of which 
they had given themſelves no trouble to examine, if in the ſame place 
in both? But granting that it may ſo; yet when the cargo is dif- 
ferently ſtowed, and ſhe inclines more, or rowls to a greater or leſs - 
degree; the immerged part ceaſes to be the ſame, and of conſe- 
quence the ſhip will, in this reſpect be different, and produce diffe- 
rent effects. It may here be aſked, if the two ſhips were to undergo” 
M. Bouguer's experiment, and the center of gravity, metacenter, c. 
are found exactly the ſame in both; and, if then, there ſhould be 
any conſiderable difference in point of failing, whence this could ariſe ? 
For they are ſuppoſed to be rigged exactly both alike. | | 
The chimerical cauſes, he mentions, are, that ſome imagine that a 
ſhip's ſailing depends on driving wedges, in ſome particular places; on 
ſetting up the rigging, which may be too tight or too ſlack, on a piece 
of ſail being ſpread to the wind, or on a weight of 15 or 20 pound being 
ſuſpended in a certain place, &c. he ſays there are not wanting ſeamen, 
who not knowing the cauſes of ſuch changes, have aſcribed them to 
ſome ſuch cauſes, and aſſured us they have confirmed them by experience: 
And what is ſtill more ridiculous, it is ufoal* on preſſing occaſions, to ſaw 
the gunwales,andto looſen ſome parts, whereby they imagine the ſhip's mo- 
tion will be quicker, becauſe they are more ſenſible of her motion them- 
ſelves. This is, ſays our author, as if a poſt chaiſe badly flung would go 
faſter, becauſe they who are in it feel themſelves more ſuddenly toſt and 
tumbled about. What ever may be in theſe remarks of our author, we 
may venture to aſſert, that a fhip, after being looſened, has got away from 
another that has gained on her very faſt before. © of 
M. Bouguer, in his third Book, exatnines the laws which fluids ob- 
ſerve in their ſhock; as the wifi in ſtriking the fails, and the water in en- 
countring the fore part of the ſhip: He divides it into five ſections. 
The firſt ſection has eight chap tee. 
In the firſt, he conſiders how the impulſion of the wind on the ſails, 
and the: ſhock of water on the bow, contribute to the failing, which he 
treats in a moſt elegant manner, as a ſpecimen of which we ſhall give 


the following extracts. Aan e nis 
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When a "OM fails out of the harbour, ſhe acquires her motion by in- 
finitely flow degrees; much after the ſame manner as heavy bodies, in 
their fall, arrive not at a certain velocity, but by an infinite. repetitivny of 
the action of their weight. 

The firſt impulſions of the wind greatly affect — velocity, becauſe 
the reſiſtance of the water might deſtroy them, for the velocity being at 
ficſt ſmall, the reſiſtance of the water, which depends thereon, will be 
very weak ; but the faſter the ſhip goes, the leſs will be the force of the 
Wind on the ſails, whereas it is quite otherwiſe, with. reipect. to the im- 
pulſion of the water, on the bow; becauſe it augments in proportion to 
the velocity with which the ſhip "fails, So the new degrees, which the 
effort of the fails adds to the motion of the ſhip- are continually decrea- 
ſing; whilſt, on the contrary, thoſe which diminiſh the reſiſtance of the 
bow are continually increaſing. The velocity is accelerated in propor- 
tion as the quantity added is greater than that ſubtracted; but when 
theſe two powers become equal, when the impulſion of the wind on the 
fails, has loſt ſo much of its force, as not to act but in proportion to the 
force with which the reſiſtance of the water acts on the bow, in the op- 
polite ſenſe; the ſhip. then will go no faſter, and will-fail wilt a conſtant 
uniform The great weight of the ſſip may be the cauſe of the 
ſhip's being ſo long in coming to her greateſt velocity; but this weight 
makes nothing to the degree of velocity; and when the ſhip has once 
come to it, ſhe after wards goes on by her own intrinſick motion, and 
ſhe can neither gain nor looſe any new degree of velocity : She moves as 
by her on proper force in vacuo, without being afterwards ſubject, 
either to the effort of the wind on the ſails, or the reſiſtance of the water 
on the bow. If at any time the impulſion of the water on the bow 
ſhould. defiroy any part of the velocity the impulſion of the wind on the 
fails will repair it, ſo the motion will continue the fame ; but it muſt 
be obſerved this will only be when theſe two powers act in à quite con- 
trary direction to one another; atherwiſe, they will not mutually deſtroy 
one another. The whole theory of working ſhips, a e on this op- 
poſition and perfect equality, which ſhould ſubſſt betwixt' th rn a 


of the Water, and the impulſion of the wind. 3s 19-4 al} O70 1 91 17 hs 
In the ſecond chapter, he treats af che imeafure of the abſolute cock 
of the water, and of the wind. 1 411 wel 50> "RIC +1003 81 That eat "Tl 


When, ſays our author, the water, or any other fluid; ſtrikes a plane, 
cvery particle wil ast with greater or leſs force, ee Sener ue 
tion is nearer or tarther from 8 5 SA divide b _ 
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The effort of one particle is expreſſed by the fine of the angle of inci- 


dence ; but at the ſame time that each particle makes a greater or ſmall- 
er impreſſion, the number of theſe particles will be greater or ſmaller, 
according to their right, or oblique direction; and this number is like- 
wiſe expreſſed by the ſine of the angle of incidence, ſo the impulſion is 
in proportion to the ſquare of the ſine of the angle of incidence. When 
the angle is right, the impulſion will be the greateſt that it poſfibly can 
be; whereas, when it is only 30 degrees, every article will make only 
half the impreſſion, and there will be only half the number that will 
contribute to the ſhock, ſo the effort will be only one quarter. 
But it is not only the obliquity of the direction in which the fluid gives 
the ſhock, that makes the difference; it is likewiſe more or leſs, in pra- 
portion to the abſolute velocity, which it has, independent of the obli- 
. quity : As ſoon as the fluid moves faſter, the ſhock becomes greater, and 
is in proportion to the ſquare of the velocity. If the water, Which for 
| AT ſtrikes a ſurface, acquires three times the velocity, every fingle 
particle will act with three times the force; but as there will be three 
times the number that make their effort, the whole ſhock will be nine 
times greater. This is a property which is common to all fluids; which 
makes their efforts ſometimes very prodigious. Salt-water, for example, 
running at the rate of one foot in a ſecond, will have but a ſmall effect, 
but if the velocity is ten times greater, the ſhock will be a hundred times 
greater; a force ſufficient to break throꝰ the thickeſt dykes. ©* © 

Hence, when the ſame fluid ſtrikes the fame ſurfaces with different 
velocities and different obliquities, the impulſions are as the product of 
the ſquares of their velocities <a the ſquares of the fines of E angles 
of incidence.  ' 

If not only the velocities; 25 the fines of the angles of incidence be 
different, but likewiſe: the ſurfaces; the impulfion will then be in 
proportion to the extent of the ſurface, which will, nearly, be 2s the 
product of the ſq uares of the velocities, and of the ſquares of "the fines 
of the angles of incidence, multiplied by the area of the plane, which re- 
ceives the ſhock : Iſay, nearly, for it may happen that the ſhocks're not 

rtionate to the areas of the ſurfaces that receive them; fc 1 
a ſurface of double the area may not receive exactly double hock | 
on account of the greater or leſs difficulty With which the "pit ticles - 
retire after having accompliſhed their ſhock. . 

Be that as it will; if the preceding rules be admitted we bord 85 
make ſome experiments on the ſhock of the. fluids, by which we may 
Judge. of the force of the ſhock in all other cafes. * It thay be admitted as 

a prin- 


(46 
a i eſtabliſhed by experiments, that the 3 hock of 
ſalt water, whoſe velocity is one foot in a tecond, upon a ſurface of a 
foot ſquare, will be nearly equal to one pound ſeven ounces. If the ve- 
locity be greater, the impulſion inereaſes in the duplicate proportion: If the 
ſurfaces be greater, the effort is in proportion to their areas, and, laſtly, if 


the ſhock be e the 8 be 92 e to the er. o 
the line of the angle of incidence. 


8 uf ourſelves to 3 it from the velocities. There have Goon 
erin inſtruments contrived — che! — for this s purpoſe; ; to thoſe 


n no 1 pions its 4 6 IJ a e The . board I 
ABD E, Fig. oY 


225 greateſt. 68 or the Wee advantages. of this — is, wad - 


only. place the paſtc-board. parallel to the ſurface of the fails, 
ithout regarding . the obliquity of the ſhock, by this means it will be . 
5 5 to determine the n of the whole impulſion that makes the 


or 63, * Rill more, over all Lhe 1 wr zone. n! is —. its lars 
18 which IA Has. with 1 te to the 1 e its abſolute Ve- 
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W 
would overturn houſes, and tear trees by the root out of the ground. The 
reaſon of what our author advances here, I take to be, that the houſes or 


trees do not go from the wind; whereas, the maſt of the ſhip, before it 


breaks, forces the ſhip a head, and as it were, runs away from the ſtroke, 
. Which cannot be the caſe of any thing that is faſtened in the ground. 
The Anemometer may likewiſe ſerve to meaſure the effort of the water, 
as well as that of the wind. In the (builder's yards, where they have 
every thing that is needful for the purpoſe, they may eaſily make a ſmall 
bow of wood, ſimilar to the bow of the ſhip, and then, inſtead of the 
paſte-board ABDE, Fig. 11, fix this ſmall bow to the rod CF, which 
being expoſed to the ſhock of the water, we ſhall then have the quantity 
of the effort in pounds and ounces ; we may ſee, by the direction of the 
rod, in what direction the bow receives the ſhock. Laſtly, we may re- 
peat the experiment, by expoſing to the ſhock of the fluid, a plane equal 
to the baſe of a conoid, which repreſents the ſmall bow ; by which we 
ſhall percceive how much the ſhock of the fluid is leſs on the bow, than 
on the midſhip frame. Theſe mechanick experiments may help us to 
judge of the impulſions which ſurfaces receive in moſt caſes ; but the gene- 
ral method is, to reduce the impulſions which curve ſurfaces receive, td 
thoſe which fall on plane ſurfaces, in order to which the curves muſt 
be divided into ſuch a number of ſmall parts, that they may be deemed 
ſtrait. 17 + 46g hgh, 2h :6de 20M; Ys ts 523 
In the third chapter, the impulſion of fluids, on different figures, is 
conſidered ; at firſt on a bow formed by two ſtrait lines. 
Let the bow BAD, Hg. 12, be formed by the two ſtrait lines A B, 
and A D, and the direction of the ſhock be in an infinite number of lines 
rallel to the axis AC. The angle of incidence will be equal to the: 
angle B A C, or to half the angle BA D, and, if we multiply each fide 
A B and A D, by the ſquare of the fine of the angle of incidence, we 
ſhall have the whole abſolute impulſion which exerts itſelf on each fide, 
in the perpendicular direction of the line EF; let this be repreſented by 
the ſpace E F, and form the parallelogram E GF H. The ſides EG 
and FH, are parallel to the axis A C, and the other two fides perpen- 
dicular to it. It is plain, that EG and F H repreſent that part of t the 
impulſion which exerts itſelf in a direction parallel to the axis; and it is 
is. plain that it will be leſs than the abſolute: impulſion, in proportion as 
315 BC is leſs than A B. Since the triangles ABC and F E G, are ſimilar 
BC: AB:: EG: EF; ſo, inſtead of working for the abſolute impul- 
ſion on the ſides A B and A D, which partly deſtroy ane gnother, ary 
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ſquare of the ſine of the angle of incidence, by the whole baſe BD, we 


ſemicircle, 8 and likewiſe 2 parabolick bow, which concl udes ih 
rc 


dx expreſs the infimitely ſmall parts H h of the axis, and 4 expreſs 
E F, the difference of the ordinates. Again, that I may not have occa- 
Gon: to return here a ſecond: time, I ſuppoſe the fluid to move in the ob- 
lique direction of the lines Le I, Le I, which make the angles Fe 


With che axis of the curve, or with the line e F, which is parallel to the 
axis. Let n repreſent the fine of go degrees, m the tangent of the angle 
' Fel; tien Hun will be the ſecant of the fame angle... 


a4. 

The = F eI is the oblique angle the ſhip's true courſe ka with 
the keel, or the lee-way; now, ſuppoſing the curve B A be the projec- 
tion of the bow. upon an horizontal plane, and A its extremity, the 
angle of incidence will be Eel, and will be greater on that fide of the 
the curve where the fluid ſtrikes it more directly, than on the other fide, 
where it is more oblique. From the point I, let fall the perpendicular 
I K, on the ſmall part Ee, fo ſhall 1 K be the ſine of the angle of in- 
cidence to the radius e I. 

In order to find I K, the fine of the angle of incidence, our author has 
a very intricate algebraick inveſtigation, by fluxions, and as it may 
be preſumed, many of our readers are not ſo well verſed in algebra as to 
follow him in theſe deep reſearches; I ſhall en en tho: 
whole by right angled: triangles. | | 

All that he propoſes * den long proceſs, is, to > find I K, the figs of 
the angle incidence E e 

The angle Fe I, the — is given, which ſuppoſe 119 15% chen 
the angle F Ie, its complement, will be 789 45“. 

Let E F be 40 equal parts, and F e 50 equal parts; then E F: F e:: 
R: tan. angle IEKE F E K, now ſubtracting the angle IE K from 
90 degrees, we have the angle EI K, and this laſt angle ſubtracted from 
the angle F Ile, there remains the angle K Ie. The angles being thus 
found, our next buſineſs is to find the ſides E e, K I, and el. 

In the right angled triangle IFe, R: ſec 2. Fus: : Fer el; again, 
in the right angled triangle I Ke, R: fines Ie K: cl: I K, the fine of 
the angle of incidence. Laſtly, to find E e, the ſmall portion of the bow 
which receives the ſhock; in the triangle FE e, R: ſec. 4 F Ee TX 
Fe: Ee. See this operation by the logarithms. 


EF 40 1.602060 Angle Fle 78% 45) 
Fe 50 1.698970 Angle EIK 38 48 


MN — Angle Kle 40 05 . 
Tam "$2* 20% 10. 968 90 Angle Kel 49 55 TE 
Com. 38 w_" | 
Sec. / Fel 119 15? 10.008426 Sine Z. I K 499 55! 9.883723 + 
Fr'30. i: 08090 © Ig "IR 18.707398 
Ie e e 4 1.591119 
R - » 5 N | , . . 
Sec. C F E e 549 20 10.204267 
EF 40 1. 602060 
Ts 1.806327 1 
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by c >) 
| Having thus found I K, the fine of the angle of incidence, and Ee the 
which receives the ſhock, multiply this laft, by the ſquare of the 
angle of 3 and the product will be the abſolüte 23 as by 


n 


IK 1. 590119 


5 1542 1 
Ee 1.886322 
4.98863 EY | 

The angle of incidence, on the other fide, will be 279 2 ont the ſine of | 
which we may find by the ſame proportions. 

I ſhall only remark on the whole, that our author hl the one 
of the lee-way to be known, on which the reſult of the whole proceſs 
depends; and as there is yet no expedient found to aſcertain that angle, 
even to à quarter point of the compals, it is to be feared we ſhall gain very 
little by this general rule, therefore it is needleſs to detain our readers on this 
ſubject, as the conelafions drawn from them are no ways to be depend- 
ed on. Our author indeed attempts to determine the lee-way, which 
we ſhall conſider in its proper place. 

The itiference he gives, nen the preceding procefs, is the reſolution 
of this ſurpriſing paradox, as he calls it, which is, that the relative direct 
impulſion depends neither on the nature of the curve which receives 
it, * on the enten of the axis A . but only on its extreme breadth 


Lide ede B A D be th ach ef a circle, parabola, dr hyperbola ; let 
it be a geometrick or mechanical curve, &c. ſo the breadth continues ſtill 
the ſame; the impulſion it receives, in reſpect of its axis, by a fluid which 
ſttrikes it at an angle of 45 degrees, will always be the ſame, and equal to 

half the ſquare of the ſine of go degrees, multiplied by D B the breadth ; 
in other words, it will be half of that which DB would receive, ſup- 
_ Poſing the fluid ſhould ftrike it perpendicularly ; ſince that ſtrait line 
may be confidered as the curve B A D, | ſuppoſing the axis to be in- 
finitely ſmall. 
Admitting all this, our author does not tell us how to apply this to 
the formation of the ſhip's body; nor yet how his angle of 45 degrees is 
to be found. 
In his fifth chapter, he confidert the impulſion of fluids on curve ſur- 
faces, particularly on a conick bow, and on a conoidale bow, formed by 
* 262 nn of an arch of a circle, "which he Ms 4 


_ —— — 


— 


AS. . 
and from thence infers, that a bow, formed by half the revolution of a 
quarter of a circle, meets with double the reſiſtance in an horizontal that 
it does in the vertical, and concludes,that by conſulting the trigonometrical 
tables, we ſhall find the whole or abſolute reſiſtance, which is compoſed 
_ of theſe two relative impulſions, exerts itſelf in a direction, which makes 
an angle of about 269 34 with the horizon. : 
In his ſixth chapter, he gives a method to find the impulſion on curve 
_ ſurfaces, by dividing them into a number of equal parts, which may be 
deemed plain ſurfaces, for which we refer ta our Appendix, e e. 
from M. Dubamel's extracts. | | . 
In his ſeventh chapter, he has ſome remarks on the change of the 
impulſions on curve ſurfaces, when the fluid alters its direction, and ob- 
ſerves, that without perplexing ourſelves with examining all the oblique 
courſes a ſhip may ſail, it will be enough to calculate the reſiſtance, 
when ſhe fails in the direction of the keel. It is certain, fays he, that 
the angle the ſhip's courſe makes with the keel amounts to an angle of 
45 degrees or 54 44', to looſe the advantage of the figure, and till 
leſs, to change it to a diſadvantage. I have, continues our author, in a 
memorial, communicated to the Academy of Sciences in 1733, proved 
this truth @ poſteriori, When a plain ſurface, exactly circular, is expoſed 
to the perpendicular ſhock of a fluid, the nature of ſuch a conoid that 
ſhould cover it in ſuch a manner, as thereby to meet with the leaſt poſe 
Aible reſiſtance, has been diſcovered long ago; but this is limited to per- 
fect conoids alone, and beſides there is room to believe that it will not be 
the ſame in a direct and oblique courſe, In order to clear this point, 
which has embarraſſed the greateſt mathematicians, I not only aſſumed 
any figure for the baſe, but even ſuppoſed the fluid to ſtrike it obliquely, 
and was well recompenſed for my labour, for I thereby diſcovered, that 
tho”, the conoids of fun reſiſtance be different for different baſes, yet jt 
will be the fame thing in reſpect to the impulſion, whether the courſe 
be direct, or oblique. to the keel. Hence, ſays he, we may be excuſed 
from calculating, the refiſtance in oblique courſes, for it may be attained 
by calculating the reſiſtance in a direct courſe. We preſume, our author 
means, whatever be the form of that bow that will meet with leaſt reſiſ- 
tance in a direct courſe, will likewiſe be the form of that which will 
meet with leaſt reſiſtance in oblique courſe. 3 
In the eight chapter, he purſues the ſame ſubject, and conſiders the 
lateral impulſion, which he concludes with the following remark. © 
The bow that meets with leaſt reſiſtance in a direct courſe, not pay 
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ſubject to drive to the leeward, which is a double advantage gained by 
forming the bow ſo as to give it that figure which will meet with leaſt 
refiſtance in moving thro' any medium. i "That 


* 


We have now given our readers a ſpecimen of our author's method 


of examining the laws which the fluids obferve in their ſhock ; the wind 


in ſtriking the fails; and the water in ſtriking the fore part of the fhip, 
which he compriſes in the firſt ſection of his third Book. He proceeds, 
in the ſecond ſection, by the ſame method, ta attempt a general ſolu- 
tion to all the problems relating to working a ſhip. rf. 
In the firſt chapter, he conſiders. the velocity of the ſhip's failing, in 
proportion to the velocity of the wind. | roars 
It has been always ſuppoſed, continues our author, that the velocity of 
the ſhip has no proportion to that of the wind. M. 4 Ons en- Bray was 
the firſt who thought this ſubject worthy of our attention, and it ſeems, 


has deſigned to reſerve the reſolution of this queſtion to himſelf; the 
Principles he was to proceed upon, can only be executed by experiments 


taken at ſta ; but J attempted a direct ſolution of the problem; and, con- 
tinues M. Bouguer, as this is entirely my own, I ſhall give the following 
WwWV2T FFF 

Let a ſhip be. 163 feet in length from the ſtem to the ſtern- poſt, the 
extreme hreadth 44 feet ꝙ inches from out to out. I found the area of the 


vertical ſection perpendicular to the keel to be about 691 ſquare feet. 
This ſection would receive the whole impulſion of the water, ſuppoſing 


there was no bow; but by reaſon of the convexity of the bow, the im- 
pulſion will be much leſs; the only difficulty will be ta determine how 


2 * » 


much leſs it will be. 


In N ſmall ſhip at Croiſic, T found the ſhock of the: water 
on the bow to be. one fixth and an half of that on the plane of the ver- 
tical ſection. The area of that plane carefully meaſured was 6687 ſquare 
inches; the impulſion it received 66, 870, ooo, whereas, by dividing the 


bow into 18 triangles, and adding up all the particular impulſions of each 
triangle, the whole ſum was 10, 24 5,7 35, nearly the 65part of 66,870,000; 


for 10, 245,735 & 6. = 66,597,277. 1 
I imagine that in ſhips af war it will be lefs, and may be reduced to 


the ninth part, ſo that we may take 77 inſtead of 691 fquare feet for the 


area of the midſhip frame. But having occaſion myſelf to viſit our ſea- 
ports, and to know the form of our great ſhips, I was forced to acknow- 
a that the ſhock on the bow was only one quarter, or at moſt one quarter 
and an half of that on the 3 frame. This great difference betwixt 


De large hips, and the conoid of leaſt reſiſtance, is occafioned from this. 


The 


EFFECT OY 
The conoid diminiſhes gradually from the extreme breadth, at the midſhip 
frame, which is its baſe ; whereas, in ſhips, the whole breadth is conti- 
nued for a conſiderable ſpace, and then diminiſhes ſuddenly ; which will 
have the ſame effect, as if the bow were ſhorter, or had leſs rake. In fine, 
according to the preſent form of our ſhips, if the area of the midſhip 
frame be 691 ſquare feet, we may account about 1 50 ſquare feet for that 
which receives the relative direct impulſion. | =D | 

We muſt now conſider the effort of the wind upon the fails; the area 
of the three fails on the main-maſt, ſhould be about 10316 ſquare feet; 
and if the wind be on the quarter, moſt of the fails on the fore-maſt will. 
bear a part of the impulſion, on which account we may add one half more, 
ſo we have 15474 ſquare feet for the area of the ſails that receive the 
ſhock of the wind; which ſhould be equal to the impulſion of the 
water on 150 ſquare feet, as was before proved, to which the bow is ſup- 
poſed to be reduced ; beſides the denſities of the two fluids ſhould be: 
conſidered, for if one fluid be double or triple the denſity of another, or, 
which is the ſame thing, if it be double or triple the ſpecifick gravity,. then 
the ſhock will have double or triple the force. Mercury, for example, 
with the ſame velocity will give an impulſion with. fourteen times more 
force on an equal ſurface, than water; becauſe Mercury is fourteen; 
times heavier than water, and for the ſame reaſon water will make an 
impulſion 570 times ſtronger than the wind, becauſe as M. Mariotte ob- 
ſerves, water is 576 times heavier than air, and their impulſions are as 
the ſquares of their. velocities. All this being admitted, let the velocity 
of the ſhip be 100, then 1 50, the ſquare feet that receives the impulſion 
of the water, . muliplied by 576 the denſity of the water, and this product 
by 10,000, the ſquare of the velocity, we have 864,000,000, which ex- 
preſſes the impulſion of the water on the bow; and this ſhould be equal. 
to the impulſion of the wind on the fails, that is to 15,474 ſquare feet; 
the area of the ſails multiplied by 1, the denſity of the air, and this pro- 
duct multiplied by the ſquare of the velocity of the wind, fo if we di- 

vide 864,000,900, which is the impulſion of the water by 15,474, the 
area of the ſails, multiplied by 1, the denſity of the air, we ſhall have 

55783 5? the ſquare of the velocity of the wind; the ſquare root of which, 


18 nearly 236. As this is only the velocity with which the fails. are 
ſtruck, we muſt add to that, the whele velocity of the. ſhip, which: 
makes the abſolute velocity of the wind 336; hence, the velocity of the 
wind is to that of the ſhip's ſailing, as 336 is to 100. It muſt be re- 
marked, that if inſtead of 576. we take 1100 for the ſpecifick gravity. of 
water to that of air, we ſhall find the velocity of the ſhip to that of the: 


wind, 


W 
. Jann, 
„ 4 


( 54 ) 
8 FOO s to 219; we ſhall take a mean betwixt the two. FOR 
cauſe 576and 1100, compared to unity, are near the limits of the pro- 
portion the denſity of the air bears to that of the water. 

From the whole, we may conclude, that the beſt failing ſhip's go with 
two ſevenths of the velocity of the wind ; when the wind blowes two or 
three times ſtronger, the impulſion will be four or nine times ſtronger, 
but the ſhip will fail only two or three times fafter, becauſe the impul- 
fion of the water will be four or nine times ſtronger. Notwithſtanding 
all our author has ſaid on this ſuhject, he tells us it cannot be ſtrictly, ap- 


v to all ſorts of ſhips, ſo that the beſt that can be ſaid of it is, that it may 


an approximation, but ſeems to be of very little ſervice in forming a 
ſhip's body; I ſhall therefore, only mention the heads of what he ſays i in 
the following chapters, with ſome remarks as they occur. _ 

Chapter II. Of the chan ges which the motion. of the ſvrfaces pro- 
duce on the ſhock 540 receive. 


i n our e ſuppoſes 2 abſ on of gp wind, the 
>. e wind makes, with the meridian, with the keel, and with the fails, 
to be given, and likewiſe the angle the ſails make-with the keel, and. thean- 
gle of lee-way ; hence the concluſions deduced from ſuch uncertain data 
muſt be more uncertain ;.our readers will, therefore, we hope, excuſe us for 


omitting the application. We ſhall only obſerve, that in calculating the 


le of lee- way, he condemns. the common vanes, which, he ſays, de- 


Ferre us very much in determining the angle the wind makes with the 
4 Ile, and recommends a, quoit, ſuch as children play with, as better a- 


Speed for that purpoſe than any other inſtrument hitherto 9 3615 
e from which he calculated the le- way, is, pal ne 
angle 


1 
angle the fails make with the keel be 60 degrees, and the lee - way, at the 
fame time, four degrees, from thence he proportions the lee- way to all the 
angles the ſails make with the keel to 30 from go degrees. The experi- 
ence of all mariners is ſufficient to confute his theory, ard, it may be pre- 
ſumed, the rules given in our Engliſb navigation books, by allowing the 
lee-way in proportion to the ſail a ſhip carries, may be much more de- 
pended on, as. they have been calculated from the journals of the ex- 
perteſt mariners ; for, after all his reſearches, he refers to experience to find 
out this angle of four degrees, which he calls the lee-way ; and tells us, the- 
mariners find it by ſetting the ſhip's wake in the water. This has been 
the ſubje& of his IVth chapter; and in | - 
Chap. V. he treats of the different velocities of the ſhip, in different 
ablique courſes, and from his proceſs infers, that, in order to double the 
velocity of the ſhip's ſailing; ſhe muſt ſpread ſixteen times more canvaſs.. 
The VIth and VIIth chapters contain the conſtruction of tables to aſ- 
certain the velocity of the ſhip's ſailing, which concludes the ſecond: 
In the third ſection he conſiders the ſhip with reſpect to her propriety: 
of ſteering well, either by means of the rudder, or of the fails. 
The firſt chapter is upon the ſituation and number of maſts, and on the- 
juilibrium, which ſhould ſubſiſt betwixt the head and after fails, out 
which we ſhall make the following extracts. . 
The principle, ſays our author, having been already eſtabliſhed, touch- 
ing the equality and perfect oppoſition which ſhould ſubſiſt betwixt the: 
impulſion of the wind, and the impulſion of the water, we may, from. 
thence, deduce a ſure method for placing tlie maſts. If the ſhip has but one 
maft, it muſt be, of neceſſity, in the point C, Fig. 14, which is the in- 
terſection of the direction of the ſhock. of the water with the keel, in 
oblique courſes; but if in place of one we put more maſts, they muſt be 
before and abaft the point C, in Z and V, fo that the fails on each fide- 
that point be in equilibrium; it is of great importance to determine this 
point C. According to the ordinary form of our ſhips, the line of di- 
rection FC interſects the keel in about two ninths of the length from 
afore, or nearly five ſixteenths of the whole length of the ſhip ; that is,, 
let B A, the length from the head of the ſtem to the poſt be 160 feet, 
CA will be about 50, this will not anſwer in all ſhips. If the ſhip be: 
formed by two cones joined at the ſame baſe, one for the fore and the 
other for the after part, the fore part five twelfths and the other part: 
ſeven twelfths of the whole length, and the extreme breadth one: quar-- 
ter of the whole length, CT 1% will then be about. 487 9 
2 . ength 3; 
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length ; bat if the breadth DF be the fixth part of the length A B, then 
CA will be only the 46th part of the length. n. 
It muſt be remarked that theſe lengths agree only to the point C in 
its firſt ſituation, or firſt oblique courſes, 5 1 
Without being at the trouble to find this point by calculation, it may 
be done by a ſimple experiment, on a model of two feet long, or on a 
ſhip already built, by hauling it in the harbour with a tow line faſtened 
to one fide of the bow; if this line be produced it will interſect the keel 
in the required point C. This point being once determined, we can place 
but one maſt in that point, or if it be requiſite to have more, they muſt 
be placed on each ſide in ſuch a manner as to preſerve an equilibrium 
betwixt the ſails; for inſtance, if we place the maſt in Y, at leſs than 
the tenth part of the length from the center of effort C, without altering, 
the other maſts, the ſails muſt be enlarged in the ſame proportion the 
diſtance from the point C is diminiſhed OO 1 
It may be demonſtrated, that ſhips that are built on purpoſe for failing, 
ſhould be made conſiderably longer, or which is the fame thing narrower, 
at the ſame time the ſails muſt be narrower ; and then we may have 
four inſtead of three ſtanding maſts; it is only by experience we ſhall 
difcover if the thing be practicable; but they muſt be fo placed that the 
total of the moment of the head fails be equal to the total of that of 
the after ſails, on each ſide of the point C: We may eaſily diſcover if 
the equilibrium betwixt them ſubſiſts, s.. 118 
The area of the main and main-top-fails of a ſhip of the firſt claſs is 
about 9500 ſquare feet, and that of the fore and fore- top- ſails, about 
| 8040, nearly, in an inverſe. proportion to their diſtances from the point 
C, and multiplying each area by its diſtance from the point C, we have 
their reſpective moments. The diſtance of the main-ſail from C is 32? 
ee 95 makes 306, 375 its moment, and the diſtance of the fore · ſail 
338+ x-8040 makes 309,540 the other moment. 
_ We may without doubt narrow the ſhips conſiderably, if we be allow- 
ed to increaſe the number of the maſts ;' if we have four maſts the fore- 
maſt Z muſt be as near as. poſſible to the point A, the extremity of the 
bow, and two main-maſts, one in P, if poſſible before the point C, and 
the other in Qabaft it, and likewiſe abaft the middle of the ſhip; the 
fails of theſe three will be in a perfect equilibrium, or which is the ſame. 
thing, the moment of the two firſt will be equal to the moment 
© of the third, obſerving, at the ſame time, to make the ſpace PQ a 
little more than the ſpace P Z, nearly in proportion, as the ſum of 
the areas of the two. main-ſails is more than the ſum of the va, 


Fe 4H 


— 


* f . g 

3 87 ) 
wo the "OE main-fail and fore-ſail. - Laſtly, the mizer-maſt muſt 
always be in Y, or a little further 1. The uſe of the fail on this 
maſt is to preſerve the equilibrium, when the ſea takes the ſhip on 

the after- poſt, ſo that the point C comes nearer the middle of the ſhip. 
The ſails on the bowſprit have 4+ pion Weir proper” uſe and Have” a con- 
tary effect to that of the mizen. 

Gur author then tells us, that if we pull this to the ws rigour, 
we may, inſtead of four, have a great many ſtanding maſts, and gives us 
a rule for placing them properly ; but as it may be preſumed this 1 is an 

experiment that will ſcarce ever be tried, I ſhall omit it. 
The ſecond chapter is on the figure a ſhip ſhould have in tee to 
make her ſteer nen well with 5 falls, 1 which we Hers: ſubjoin 
W extracts. 5 
The * means, fays our author; to attain this 4 is to ks it ſo that 
I C, Fig. 15, the direction of the chock of the water in the oblique 
courſes, ſhall always paſs thro' the center of gravity G: This has put the 
builders under a neceſſity of making the fore part full, tho' they alledge 
a quite contrary reaſon for doing it; which is, that thereby a ſhip will 
divide the fluid with a greater eaſe; and to prove this, they tell us that 
fiſhes are broader at the ſhoulders and head, than at the tail, and that a 
maſt will tow beſt with the butt end foremoſt; theſe pretended reaſons 
have gained ſuch credit as to be adopted by ſeveral eminent mathema- 
ticians; but they do not confider — the author of natum created 
fiſhes, living creatures, with a head, ſtomach, &c. and it is not certain 
that their form is the propereſt for dividing a fluid, ſince perhaps they 
muſt looſe ſome part of that advantage, in order to gain ſome other of | 
which we are altogether ignorant. As to the maſt, the only reaſon for : 
towing it butt end foremoſt, I think, is, that the rope may not flip over . 
the end F but, continues our author, we may reconcile the whole, by 

ſaying, that this form is proper, not to make the ſhip fail faſter, for we 

are ſure it will have a quite contrary effect, but to make her ſteer well. 

It happens unluckily, that we muſt looſe a little of the firſt advantage to 

gain ſome of the other, and as we have not arrived at that perfection, to 

ballance them perfectly, becauſe they are of different kinds, we muſt | 

have tecourſe to experience, to diſcover the proper mean bet wixt the 

two: Notwithanding, our author ſeems here to think that making a 

ſhip full before ſhould not be; becauſe the form would thereby reſemble. 

the of fiſhes; yet, in Page 895 he tells us the midſhip / frame - 
ſhould be placed at five-twelfths of the length from afore, and gives for 

dne ue that re 0 1 . ilk oy: iitate the 
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Teure of Gihes ; and here, after all his laborious n lin us to 
perience, which may poſſibly give it contrary to his theor r. 
e afterwards propoſes Noah's ark, or the Ghineſe junks, as beſt 
formed for ſteering, tho not for ſailing ; and, beſides, they will be very 
ſubject to drive to lee - ward; and the like may be ſaid of any other form 
which will make a ſhip ſteer well; and this he endeavours to prove by 
conſidering a ſhip formed by two cones; he chaſes that figure not only 
to render his reſearches more ſimple, but becauſe, he ſays, that figure 
differs little from the form of the ſolid of leaſt reſiſtance. The inference 
he deduces from his algebraick proceſs, ſeems to be only this, that theſe 
two properties of ſteering well, and . failing faſt, are incompatible ; and, 
therefore, we muſt part with a little of the one, that we may not looſe the 
whole of the other. I ſhall only remark, that the mariners have adapted 
a direct contrary maxim, that is, that a chip that goes well, will undoubt- 
edly ſteer well, which has been confirmed to them by ex _— L 
In the third chapter, he endeavours to determine 
where the extreme breadth ſhould be Placed, to render che ip. —_ 
ſenſible of the power of the hem. 
Many mechanicks, ſays our author, have longago. dice ene that ben 
a power 4 to the extremity da rod of equal weight chronghout, in in 
order to make it turn, the point of rotation will he about two-thirds of the 
— the rod bein ſuppoſod of equal weight in all its parts; from whence. 
our mariners infer, that the extreme breadth of the ſhip ſhould likewiſe be 
two thirds from afore, without confidering the caſe may be diſſerent. It 
has been the general practice to have it at that place, tho” they have 
by degrees drawn it nearer the middle, to render the bow ſharper, and 
diminiſh the reſiſtance; but it is certain, that, by ſuch a change, they very 
much aſſiſt the action of the rudder, and herein is one of the | particular 
circumſtances, where we had better be entirely governed, byd=perience, 
than by (ney which continues imperfect, becauſe it has nat becn 
to a ſufficient; pitch; however, after a long algebraick proceſs, he infers, 
that. it ſhould be placed neither at the middle, nor at two thirds, but near- 
y betwixt theſe. two points, or about the twelfth, den of * "whale 
Rai beer the middle. 
the fourth, chapter is his method of knowing. Af the thip; d 
propoſed to be built, ſhall ſteer eaſily; or an examination of the motion 
which a body ſhould take, when two powers exert, ——_ force, in con- 
58. directions, to turn it on different ſides. | 
The fifth chapter i is only the ſequel of the 3 and., . exa- 
mining the quantity and poſition of the ſails, he concludes, that in that 
article, they had too much regard to the ailing, to the IJ her 
| * 


1 55 
ſteerage; to remedy which, he ſays, we muſt either give the ſhi p more 


head-fail, or if ſhe is not yet framed, carry the / midſhip frame farther 
forward. 'This ends his third ſection. Þ 

In the fourth ſection, he examines a ſhip with reſpect to the qualities | 
beſt adapted to make her carry a good fail, in eight Chapters. | 

Chap. I. Of the mutual vertical effort formed by the united de 
ſions of the wind upon the fails, and the water on the bow. 

Chap. II. Of the different ſtations of the ſhip, occaſioned by the mic 
tual vertical ſhock of the wind on the ſails, and of the water on the bow ; ; 
and the conditions requiſite for properly maſting a ſhip. 

Chap. III. General principles to determine the greateſt bega the 
maſts may have, fo as not to be in danger of being diſmaſted, with 
ſome remarks on the power a ſhip of each claſs has to carry fail. 

Chap. IV. The ſequel of the preceding ; to determine the limits of the 
higheſt maſt, and the application of that rule to a ſhip . the firſt claſs, 
and the Gazele frigate. 

Chap. V. After anſwering ſome objetions he examines what di- 
menſions of the fails ſhould be enlarged and if proper to make the 

maſts of a ſhip of different heights. | 

Chap. VI. To determine the moſt Ane sus ſet of maſts for a 
| ſhip already built, the draught of water being aſſumed at pleaſure. 
Chap. VII. Of the form a ſhip ſhould have in regard to her girt, 
beſt adapted (o make her © a good fail, and go faſt thro* the water, 
Chap. VIII. Of the virt © in reſpe& of her length, moſt con- 
ducive to make her carry ſail,” «ip the means which may increaſe the” 
velocity of her failing to a very extraordinary degree. | 

Our author ſuppoſes: the following particulars to be known, or at leaſt 
attainable, by his preceding rules: 

1ſt. The direction in which the ſhock of the water firikes the bows: 
This exerts itſelf in a double capacity, for it not only endeavours, by the 
reſiſtance, as it were, to puſh — a ſtern, but likewiſe lifts up the bow ; 
this angle, in his calculation, he ſuppoſes to be 48* 20% which the line 
D H, Fig. 16, makes with the horizon. 
_ na The line 8 K, repreſenting the debe ef de Wind en che Ads 

that is to ſay, the angle that line makes with the horizon; for tho the 
wind always moves nearly parallel to the horizon, yet the impulſſon on 
the ſails is in a pe icular to their ſurface, if we conſider the 
whole as united in I, the middle of the ſail, che rin will ben 2 
direction. perhaps not parallel to the horiron. 

. 3d. The whole force of the bock of the wind on the fil, which, hy! 
fas 8 4 be had " an Anemometer. | 

23 H 2 | 44. The 
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- 4th. The point N, which he calls the belique; to determine whichf 
we are to erett a perpendicular VT to the water line, to paſs thro the 
center of gravity Y; the interſection of this line, with the line DH, 
will give the point N, thro' which S K muſt paſs; and when the center 
of the effort of the wind paſſes thro' this paint, we may, without run- 
ning any riſk, give the fails what extent we pleaſe; it is preſumed, 
our author means, this ſhould be in the middle of the main-fai}, but, he 
fays, if the maſt be higher, it may be of dangerous conſequence. 
th. The center of gravity of the immerged part, the center of gravity - 
of the whole ſhip when loaded, and the metacenter ; likewiſe their pofi- 
tions and reſpective diſtances from one-another. ot 
-  Gth. The weight of the whole ſhip. when loaded, and the exact 
draught of water. He ſuppoſes, in a firſt rate; the center of gravity to 
be two feet below the-metacenter, and the center of gravity, by the in- 
clination of the ſhip, to be moved four inches from the vertical paſſing 
thro' the metacenter, in which it was when the ſhip was upright; he 
likewiſe ſuppoſes the greateſt inclination in a ſhip-of the firſt rate to be 
99 364. The inference deduced from theſe data is in page 564, that 
ſhips that are built on purpoſe for failing cannot be too narrow, fo their. 
length he preſerved, and aſſerts, that to have a ſhip. abſolutely perfect, ſne 
mult be infinitely. narrow, on which account: ſhe muſt have an infinite- 
number of maſts and fails, and, in page 566, he aſſures us that a frigate, 
which is 18 or 19 times longer than ſhe is broad, will ſail faſter than the 
wind, and if it were permitted to reduce her to half the breadth, if then 
the wind ſtaikes the fails in a perpendicular direction, the fails at the 
ſame time making an angle of 197 za! with the keel, the ſhip will then · 
fail with a. velocity. not only equal to the wind, but with a velocity a 
third or fourth part greater than that. of the wind. I. ſhall not take 
upon me to follow him in theſe deep reſearches, but refer our readers to 
the original, as it is ſcarce paſſible, at leaſt probable, that this ſhould 
be ever reduced to practiee, and ſo have the theory confirmed by ex- 
n e ))), ef ogaotad nodrobotro mt ni olny. (77 
* the fifth and laſt ſection, he conſiders· a: ſhip, with reſpect to the 
velocity of her ſailing, and the qualities neceſſary to- make her keep a 
takes up ten chapters. kt l oft 03 i817 THY 5 Fan 2v97oOm ff nw? Hop 
Chap. 1. An examination of the ſimpleſt; figures: which receive the 
leaſt poſſible reſiſtance from the mediums through which they move. 
- A table of the dimenſions of an angularcand rectilineal -baws, in an ho 
rizontal ſenſe which meets with leaſt reſiſtance in paſſing through the 
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. I; or the conoid bow, which meets with the leaſt poſi 
reſiſtance i in dividing the fluid. | 
A table of the dimenſions of ſuch a conoidal 8 | ; 

A table of the dimenſions of a new conoid, which will meet with 
leaft reſiſtance. 

A table of the dimenſions of two conoidals, which meet with little 
reſiſtance, only when they are not 1 immerged. 

Chap. III. A baſe being given, to find the figure of that ſolid which 
ſhould cover it, ſo that it ſhould meet with the leaſt poſſible reſiſtance: 
in: paſſing through the water. 

Chap. IV. Of the formation of ſeveral.other bows of leaſt reſiſtance. 

Chap. V. Of the bow of greateſt velocity, or of that which will 
render a ſhip more capable to carry fail, and at the fame time will divide: 
the fluid with greater facility. 

Chap. VI. To determine the figure of the bow of greateſt velocity, 
when it is terminated by a fimple horizontal draught. 

A table of the dimenſions of a curvi-lineal bow of the greateſt velocity. 

Chap. VII. Of the figure of the after part, when it is terminated by: 
a ſimple horizontal draught, and the method to be uſed in veer to form 


frigates. 
Chap. VIII. The ſequel of the preceding; 3 an examination of the. 
after part, when it is a conoid, and how to form a frigate. | 


A ed of the dimenſions of the conoidal after part, which contri- 
butes to the greateſt poſſible degree of velocity, by the impulſion i it re- 
ceives from the reflux of the water. a 

Chap. IX. "Of the form of tranſports, and of ſhips of war; and of a 
new form for frigates. 

The firſt ſolution. When the bow i is formed by two vertical planes, 
which make an angle. 

The ſecond. ſolution. | When the bow i is term inated by one inclined 
plane afore. © 

A particular method to form dips of war and: frigates. 

Chap. X. The ſequel of the preceding: An examination of the Par- 
ticular form propereſt for the how of. a tranſp 

A table of the dimenſians of a bow of e greateſt motion, which, 
our author tells us, differs from. that of: greateſt velocity in ſome caſes.” 

In this laſt ſection our author obſerves, that it is very doubtful. whether. 
that figure which meets with the leaſt. reſiſtance in dividing the water, 
may be the moſt advantageous to acquire the greateſt degree of ve 
for it is poſſible that a bow, which meets with a little more 
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s, which we may diſtinguiſh, by naming 


\ 


the one that of the leaſt reſiſtance, and the other that of the greateſt ve- 
locity, ſhould have ſuch an affinity to one another, that one ſhould, in a 
great meaſure, partake of the moſt eſſential properties of the other. 

He then proceeds, in his uſual method, by an algebraic proceſs, to in- 
veſtigate the form of ſeveral bows ; and, to fave his readers the trouble of 
an intricate calculation, has conſtru cted tables of their ſeveral dimenſions, . 
which we ſhall hereto ſubjoin and illuſtrate, by forming one of the 
curves from theſe dimenſions, which may ſerve as a ſpecimen for all the reſt. 


TABLE I. Of the Dimenſions of an angular and reftilineal Bow, in an bori- 


 Zontal Senſe, wwhich meets with leaſt Reſiſtance 


| Half Br. Half Br, ſr... Half Br. Rei or! Half Br, 
2 , - 
1300 778 | 2000 1164 2900 
1350 826 2100 | 1200 | 3000 
: þ 1400 873 þ 2200 | 1236 | 300 
1450 | 918 2300 {| 1271 | 3200 
. 150 | 362 24001306 3300 
1 1600 | 1004 2500 C 13413400 
: 170 f 1046 þ 2600 j 1376 } 3500 
4 |} 1800 | 1086 | 2700 f 1410.4 3600 
1 10% | 1125 | 2boo | 1444 37 %%ß 
TABLE II. Of the Dimensions of a conoidal Bow, which meets with the leaſt 
15 pPeulſible Reſiſtance in dividing the Fluide. 
i Half Br. 8 Abſciſſe, Half Br, 4 _ I Adbſciffe, , Half Br. E 
or pts of | rn | « Þ or parts of | or Oidi- | Impulfions.. | erat or Ordi- Impulfions. 
is. nates. | the axis, nates. r the axis. date. 1 
308 148993 4518 2545 | 1949062 41962 12040 14543335 
317 | 155239 | 5194 | 2791 | 2189549 45353 12765 | 15015915 
336 -| 167905 þ 5943 | 3053 |. 2453409 j 49118] 13520 16837987 
3641901656769 | 3333 | 2743083 53080 1430418732351 
400 | 208184 7678 | 3631 | 3059421 $7280 | 5119 19505002 
. 444 | 236721 } 8675 | 3948 | 3404528} 61727} 1596620949435 
496 | 268916 | 9767 | 4284 | 3780198 66423 16845 22478039 
557 | 307900 | T0959 ] 6440 | 41882 4 71.366 17755 | 24089705 * 
626. | 353607 12238 5016 | 4630586'F 766 18659 [25790519 
704 1105 4113668 8 5413 5109155 82139 e | 
92 | 466875 | 15198 | 5832 | 5626246 $7935 20688 | 29463846 
{ $890 | 536439 | 10852 | b273 | 6182762 | 94086| 21736] 31444132 
999 | 615734 | 38639 | 6737 | 6792289 [100524] 22817 33524478 
+ 1128 1209919 20565 7225 7426420 F 107285] 23936 | 35708216 
\- þ 2250, 87352 2 | 7930 | 8217000 $114357) 25090f 38001324 
e 20379 140309303 
1350 1050881 | 27246 | 8833 | 9648764 1129642] 27507 | 42913773 
7720 1294670 298 | 94ar | 10493903 137820 2 7 [45545900 
100 1355015 32531 10034 1395397 146380 bg 48208823 
21 133275 þ 7 10675 | 12355760 18894 314371 61462561 
*2316 173887 38555 [12343 | 13377500 164894 3281854183109 
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in paſſing through the Water. 


TA BLE 11. Of the 3 be a new Conoid, which will meet with th lat 


Reſiſtance. 
Abſcifſie or { Half brea, I Abſeiſſæ or 7 
a__— or ordi- patts of the 
4115 4 nates. 
9 ]- 100 
23 122 
„ 
Fi Ald $07 +8 
155 | 22 
: 233 | 280 
40 349 5 
bz Jet 
4 | 
1244 | bgs 
1876. [1255 
2619 1501 1 
— 1.3905 119 


TABLE IV. of the Dimen/s ons of two Convidates, wbich meet dib leaſt Ref 
| ance only, when they are not wholly immerged. 


When the Axe of the Bow is elevated 100% When the axe of the Bow is elevated acc 


res above the Surface of the Water. — above the ſurface of the ſen. 
15 Abſciſſæ, Ordinates, g Ablcifiz, Ordinate, 
or half 


3 


Abſcille, ,Ordinates, | Abſcifiz, j Ordinates, 
or parts of | or half for parts of | or half or parts of or parts of | or half 
the axis. | Breadths. the axis. | Breadths. the axis. | Breadths. tbe axis. | Breadths. 


— | 1045 | 1372 | i800 
3 | 1050 1854 | 2000 
21 | 1070 {| 2368 {| 2200 
83 | 1125 2910 | 2400 
150 | 1175 3478 | 2600 


© | 2023 | 3223 | 3400 
52030 | 3825 | 3600 


9g | 2100 3758 4200 E 

264 | 1250 | 406g | 2800 248 | 2200 l 6438 | 4400 J 
347 | 1300 | 4682 | 3000 433 | 2300 | 754136 | 4600 f 
41351350 | 5969 | 3400 6 | 2400 f 7851 | 4800 F 
527 | 1400 | 7329 | 3800 1082 | 2boo | 8582 | 5000 3 
721 | 1500 | 8753 | 4200 | 1570 | 2800 27 | 5200 3 
927 | 1600 10239 4600 f 2093 3000 59 600 2 
1145 | 1700 11781 | 5000. | 2645 ; — 12446 000 3 
TA B L E V. Of the Dimenſions of 4 Curveli neal Bow of the greatef planted 5 
ments, J 

or ſta - 5 

bility. 1 

0 4 

20 4 

0 "i 

|... » 

2 1 

1 1 

2 I 

85 541 84 7 = 

1399 343 84 | 3 Y 
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the greateſt poſſible Degree 
the Water. 


flax of the 
| Abſciſſæe, 


or parts of 
| the poop. 
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TABL E VI. Of the Dimenfons of the conoidal after part, which contributes ts 


of Velocity, 


' Yor parts of 


„th: 
1377 


2 


1 
1 

7 
1 
3 
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Abſeiſſie, 


1709. 
1893 
2089 
2301 
2525 


r 2 


301 
327 
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ft 7 
a T7 w 
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E= 


. _-onthebow 


2762 


35561 
. Lace FS 
144581 
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or half 

Breadths 

| —©«. 


996 - 
1054 
1114 
1177 
1242 


Abſciſſæ, 
* 
4487 
4832 
5188 
5564 
5964 
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BH R, of which we give the abſciſſa and ordinates; it is of that which 
reſults from the ſection of the ſurface A B R 8, cut vertically and per- 
pendicularly to its length; the point A being the origin of the abſciſſæ 
extending along D C. | 4 1775 

On Table II. He ſays, we muſt take the value of each abſciſſa from 
a ſcale of equal parts, and lay it off from A to X, or to C, on the ſtrait 
line AC, Fig. 18, beginning always at the point A; and then make 
the perpendiculars X V and CD equal to the correſponding ordinates in 
the table. | 3 : 


We ſhall now give our readers the ſubſtance of his Concluſion. 
After having, to the utmoſt of my power, ſays our author, executed 


every part of the engagement I undertook, it will be proper now to re- - 


capitulate the principal things I have explained, eſpecially ſuch as relate 


to the figure of the ſhip ;. and I ſhall make no ſcruple again to affirm, 
that, I believe, I have given infallible rules to the builders, to determine 


their choice of the different plans that may be preſented to them of the 
ſame ſhip, We have, in the ſecond book, explained all that concerns 
a ſhip while a-float or at reſt: We may know if the whole weight be pro- 


ee to the ſolidity of the immerged part; if ſhe has ſtability or 


orce to carry ſail; or if ſhe carries her guns high enough out of the wa- 
ter: And, in the third book, we have given proper rules to aſſure us 
ſhe will fail well; drive but little, when cloſe hauled upon a wind, and 


readily anſwer all the motions of the helm. All the other qualities are 
ſubmitted to the proof of a calculation, which coſts but little labour 


Even ſuch accidents as ſeem to depend on very irregular cauſes are con- 


ſidered ; ſuch as the duration of the vibrations occaſioned by rowling, 


and thoſe of pitching ; we may. judge of them by examining the diſtri- 
bution of the weights, and in what manner every particular weight is 
ſupported in every different circumſtance. | | r- 


Geometricians think no labour too hard, and do not fatisfy themſelyes 
with what knowledge they have acquired, but are continually puſhing 


their reſearches to the higheſt pitch; notwithſtanding all this, we muſt 


ſometimes have recourſe to experiments on ſhips already built, which 
may ſerve as a term of compariſon. ' By theſe experiments we may, in 
an inſtant, diſcover things which could not be done any other way, with- 


out a great deal of labour; and, in forming another ſhip, it may. ſuffice, 
to take notice of their different dimenſions, and the neceſſary cauſes that 
may occaſion ſome alterations. B 


Wie have endeavoured, out of an infinite number of forms, to pick. 
aut the beſt; ind where the diſpoſition of different parts contribute to 
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carry a certain property to a higher degree, we have ſearched the moſt 
advantageous combination, to determine the maximum, We may, with 


_ * certainty, make which property we pleaſe predominate, and at the fame 


time know how far we may carry the others. | | 
We have ſhewn, that the extreme breadth ſhould be five twelfths of 
the length, from the fore part, which is the poſition beſt ſuited to make 


the ſhip anſwer the motions of the helm; but it muſt be carried a little 


further forward, to make her ſteer well by the aſſiſtance of the ſails, 
though, by this means, the bow will become fuller, to the prejudice of 
her failing, and of that property which ſhould make a ſhip leſs ſubje&t 
of driving to the leeward. It will be impoſſible to reconcile theſe four 
properties; and, that we may not loſe too mach of any one of them, 
we muſt reſolve to loſe a part of the others; and the ſureſt way, in mo 
caſes, will be to embrace that which moſt favours the action of the: 
rudder. EE 28 | : ; 7 ; 

We have, in the firſt book, explained ſeveral methods of deſcribing: 


the midſhip frame, which may be improved by the remarks in the ſe- 


cond and third books. 


- Suppoſe we cannot perſuade ourſelves to abandon the common prac= 


tical rules, nor venture at once to go to the utmoſt point of perfection, 


yet it is to be wiſhed, that the breadth and depth ſhould bear but a very 
ſmall proportion to the length; it is a matter of great importance, and 
merits the utmoſt attention of the builders. The ſection of the midſhip 
frame ſhould be a triangle in light frigates, but a rectangle in ſhips but 
for burthen, In theſe laſt, the breadth is continued the ſame as in mid- 
ſhips, for a conſiderable ſpace, nearly the fiſth part of the whole length. 
The common rules are very well adapted to the building of ſuch ſhips;. 
and want very little amendment, but are very, deficient in the frigates, 
which begin to narrow, both fore and aft, from the very midfhjp frame. 
The ſhips of war, as it were, keep a mean betwixt theſe two; they are 


., ſhips of burthen, but their great weight is ſituated in a very inconve- 


nient manner, their center of gravity being too near their metacenter ; 
they muſt, on that account, and on account of carrying their metal, be 
broader in proportion than other ſhips. ar ogy wok 

M dimenſions being eſtabliſhed, we may form the rib- 
bands, and ſo the work will be compleated. We may uſe the method 
of approximation, deliyered in the XIth chapter of the firſt ſection of 
the firſt book ; or conform to the tables, which we have with great pains 


calculated, and inſerted at the end, of the laſt ſection, that the practical 

part may receive all the benefit that may. accrue to it from theory. _ 

S8io far M. Bouguer ; and here follows what M. Dubamel hay ſaid on 
- the center of gravity. „„ ng ue i og 
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1 bridgiment of what M. DUHAM E L has ſaid in bis 
2 ſecond Edition on the Center of Gravity. 


DUHAMEL in this edition, has given us an additional Chapter, 
1 1 he explains a method to find, whether or nd a ſhip will 
carry fai | 5 5 
The principle on which he fixes the ſtability or ſtiffneſs of a ſhip is 
the proper fixing the center of gravity of the whole body, including, as 
well, the maſts, yards, guns, Sc. that are above the water, as the am- 
munition, ballaſt, &c, that are below the water; and in order to give 
us a diſtinct idea of that term, the center of gravity, he proceeds in the 
following manner: | TE {4} 
' It is eaſy to conceive that the ſame quantity of any matter may be 
put in different forms, but it will ſtill be the ſame weight ; for a piece of 
lead in form of a globe of one inch diameter, may be extended ſo as 
to cover a circle of one foot or more diameter; but it is plain the lead 
will be the ſame weight in both forms, and if it were poſſible to prefs it 
ſo as to become a globe of one eighth of an inth diameter or leſs, this 
ſmall globe would weigh as much as the. other great one; but becauſe 
the pert of matter cannot penetrate into one another, this cannot be 
effected. Let us then ſuppoſe the whole weight of the globe A (Pg. 20.) 
to be united into one point 4, and we ſhall have an idea of what in 
mechanicks is called the center of gravity. | e 
The center of gravity then, of any body, is that point, whether ir be 
within or without that body by which if it was ſuſpended, or upon 
which, if it were append, it would reſt immoveable in any 2 
as if the weight of the whole body were united in that fingle point. 
Hence, to find the center of gravity of any body, is to find that point, 
upon which, if the body reſted, all the other parts would be in an <qui. 
ſibrium. It wilt be neceſſary, firſt, to ſay ſomething of the equilibrium; 
for then we ſhall cafily explain what is to be ſaid on the center ol 
ravity. * Se ts 3 „ 
l Feng of the equilibrium, I ſhall explain the balance, becauſe the 
uſe and conſtruction of the balance, and of the equilibrium, are founded oh 
the ſame laws. 5 3 8 
The balance (Fig. 21.) confifts of a beam A B, and a fulcrum or point 
of ſupport C, the center on . the beam moves, and if this be the 
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dci by elementary 1 to K B. as we have already” proved, that 
the a line is in the middle of it, if the 
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5 Oe. | | 
dravyn thro" the centers of gravity, of the elementary lines parallel to 
AB, it will be the axis of the equilibrium in which the center of gra- 
vity, of the figure muſt certainly be found. Let us then ſuppoſe other 
elementary lines parallel to B D; we ſhall have LM another axis 
of the equilibrium, in which likewiſe the center of gravity muſt be; 
and becauſe the point N is the only one, common to both axes, it 
muſt be the center of gravity; hence, the center of gravity of a parallel- 
ogram muſt be in the center of the figure; and for the ſame reaſon the 
centers of gravity of circles, ellipſes, of polygons, of any even number of 
fides, will be in the centers of the figure, as is evident by a bare inſpection 
roc 1 7 ET 
It will be as eaſy to find the center of gravity of any triangle (Hg. 23.) 
for, ſuppoſing it formed by the elementary lines A B, we have CD, one 
axis of the equilibrium; again, ſuppoſing it formed by the elementary 
lines EF, we have G H, the other axis of the equilibrium, ſo fhalt N, 
the point of their interſection, be the center of gravity of the triangle; 
hence, the center of gravity of any triangle will be in the- point of in- 
terſection of two lines biſecting any two fides, and drawn from the 
angles oppoſite to thoſe ſides. | If we ſuppoſe a regular pentagon; 
(Fig. 24.) formed by elementary lines A B, we ſhall have the axis DC; 
again, ſuppoſing it formed by the elementary lines E F, we ſhall have 
the other axis & H, ſo ſhall N, their point of interſection, be the center of 
grave of ⁵˙ . one He] 
As by ſuppoſing all ſurfaces to be formed by lines, we have diſcovered 
an eaſy method to find the centers of gravity of regular ſurfaces, ſo if we 
conſider ſurfaces, as the elements of ſolids, we may as eaſily find the 
centers of gravity of ſolids; for if we conceive the parallelopiped; 
(Fig. 25.) to be formed by an infinite number of parallelograms, parallel 
to a b, the centers of gravity of all the parallelograms will be in the 
center of the figures as was before proved; and if we draw a line c 4; 
thro! all the centers of gravity, we ſhall have the axis of the equilibrium, 
in which the center of gravity of the parallelopiped is to be found, and 
as all the errut are equal, we may conclude that the center of 
gravity of the parallelopiped is in the middle of the axis c d; and, for 
the ſame reaſon, the centers of gravity of a eylinder, of a ſphere, or of an 
ellipſoid, are exactly in the center of theſe ſolids. 3 ein e en een, 
As any priſm may be conſidered as compoſed of ſurfaces, or thin, 
flices equal and fimilar to their baſes; and that a ſtrait line drawn from. 
the center of gravity of one baſe to that of its oppoſite, paſſes thro” all the 
N 25 Heat CATE SOIT Et TTL 19% 5 = 8 i elementary 
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elementary ſlices, the center of gravity of all priſms, or cylinders, will be 
in the middle of that line which is the axis of the equilibrium. 1 
As to the center of gravity of a triangular pyramid, it is plain it muſt 
be in a ſtrait line, drawn from the vertex: to the center of gravity of the 
baſe ; for, let the pyramid be divided into elementary ſlices, parallel to 
the baſe, the centers of gravity of all theſe ſarfaces will be ſimilarly 
placed, and, uſing the ſame operation on all the ſides of the pyramid, we 
hall have different axes of the equilibrium; their point of interſection, 
Which will be one fourth of the length from the baſe, will be the center 
of gravity, and as a cone may be conſidered as a priſm of an infinite 


number of ſides, its center of gravity will likewiſe be in the one fourth of 


its axis from the baſe. 


CEE 


weight of & being 3, and that of e 1- pound. In order to ſolve this 

. be joined by a rod that will not bend, and 
2s the two bodies together weigh 4, divide the rod de into four equal 
| ſo ſhall. the center of gravity C, be in the third diviſion from E, 
(Fig. a8]; for the weight d, multiplied by the arm B C, will be equal to 
the weight e, multiplied by the arm A C. The arm of the lever A C, 


- A; is to the am. B C as d to e; we ſhall explain this by an example 


taken 
from. the common balanee. Let A B (Fig. 29.) repreſent the. beam of a 
good balance, four feet long, C the fulcrum; now as A C and BC are ex- 
actly the ſame length, that is, two feet each, and of equal weight; the 
beam will reſt in equilibrium on the fulerum C: If we ſuſpend to the ex; 


tremities of the beam; the weights N and E of — 
t. 


wilk ſtill continue in equilibrium, beeauſe the weight D of one pound 


| d; is 
te the lever; CB. of two feet, as the weight E of 1 pound is to the amm 


a Af 2 feet: But ſuppoſe E 2 pound, and D xr, and pl aced as = - peg 


it is 


Co» 
ir is plain, the beam AB will incline to the fide on which D is placed, 
becauſe the weights are not reciprocally proportional to their diſtances 
from the fulcrum; and, in order to regain the equilibrium, we muſt ſhorten 
the arm of the beam C B, in the fame proportion the weight E is aug- 
mented ;, ſo placing the weight E (Hg. 30.) at the point F, the two- 
weights will then be in equilibrio; for now the weights will be reci- 
rocally proportional to- the lengths of the arms of the lever. Since 
D— 1 Xx AC=2 feet; E 2 bb CF=1 foot 2; which may be: 
proved by experiment. „„ . 
This may be demonſtrated after another manner; for, ſuppoſing the 
weights ſuſpended to the extremity of the beam, if they be equal, as in 
Fig. 31, the fulerum muſt be at the point C, the middle of the beam; but 
if E be double the weight of D, then muſt the fulcrum be in the point F, 
two thirds of the beam from the end A; and then D: BF:: E: AF. 
Suppoſing then P, (Fig. 32.) to be 4 pounds, and R 12 pounds, and 
one ſuſpended to each arm of the beam; in order to find the . —ç ſay, 
as 16, the ſum of both the weights, is to 12, the greateſt weight, fo is 
MN, 8 feet, the length of the whole beam, to MF 6 feet, the diſtance: 
of the fulcrum from M. Then P: FN:: R: F M. | 


| Hence we diſcover a remarkable property in the lever i for in N 
the fulcrum from C to F, (Fig. 31.) neither the abſolute weight of the maſs: 
D, nor that of the arm of the lever A F, is augmentedafince the beam 


is ſuppoſed to. have no weight: And, to try this by àn experiment, let 
there be as much weight added to BY as will occaſion! the Beam to be in 
equilibrio- on the point F, before we put on the weights E and D.; 
nevertheleſs, the ſmall: weight will reſiſt the action of the great one. So. 
the relative force of D; in reſpect of E, is augmented in varying the 
velocity; for if we put the lever in motion on the fulerum F, we ſhall p 
ecive that in the time B deſcribes an arch, ſuppoſe of r foot, A will des 
ſcribe an arch of 3 feet: Hence we may ſay, with Des Cartes, tliat it 
will take as much force to. move ten pounds with 20 degrees of veloeity, 
as to move twenty pounds weight with 10 degrees of velocity. bt 
Let us endeavour to make this ſtill plainer.. If the two bodies, A and 
,; are of different weights, their center of gravity (or the fulerum on which. 
the rod E D, that joins them, will reſt immoveable) will not be in che 
middle of the line; this will appear very plain, only by obſerving what 
will happen to the beam, when there is. more weight in one ſcale than in. 


the other. . x an 
n to find the fulcrum F, on which the beam hall roſt in 


equilibria, let vs ſoppoſe it arcady found, and dt E . double the: 
„ | | | Weignt 


| { 32. } | 

weight of D ; it is evident, that E cannot have the leaſt motion, without 
giving D a motion at the ſame time; and the two bodies will continue 
in equilibrio till both are put in motion. . . | | 
It is not then neceſſary, that the two bodies be of equal weight to pre- 
ſerve the equilibrium; but it will be neceſſary, that D have the 3 
difficulty in moving that E has; and, becauſe E is ſuppoſed double the 
weight of D, it muſt take double the purchaſe to move it: Hence it 


here ſhew how to fin : 
different weights, ſuppoſing them joined by an. inflexible. rod, paſſing 


S 


K * 


chen conſider the weights a, 5, and c, as united in þ; and then uſing the 
ſame ptoceſs, on the other fide, we ſhall find the center of gravity of e 
in the point ; and conſidering e and F as united in 7, l 


s a 
* no £* 9 
$6. 224 of 


e | 
find the center of gravity of e and 4, which ſuppoſe. in J. Now, the 


ſum of the weights à, 5, and c, being united in &, and the ſum of the 


weights e and F united in , we negl only find the center of gravity of 
h and , which will be the center of gravity of the whole ſyſtem, com- 
poſed of the bodies a, &, c, d, e, F; and if the center of gravity be at m, 
there muſt be the fulcrum, on which the whole ſyſtem will reſt in e- 
quilibrio; juſt as if a, 5, and c, were put into one ſcale, ſuſpended. on 
the point h, and , e, and f, put into another ſcale, ſuſpended by the point 
I, they would be in equilibrio, provided m were the fulcrum on which the 
beam reſts; becauſe-b n is to / m, as d, e, f, placed in, is tos, &, c, placed in þ. 


It is very plain, that if the bodies &, 6, c, and d, e, f, (Fig. 34.) were 


placed in the fame plane, on different ſides of the axis of the equilibrium 
A B, they would remain in equilibrio upon that axis, provided their 
ſeveral weights be the ſame as in the preceding: The diſtance of each 
body from the axis AB, will be equal to the diſtance of each body from 
the center of gravity mz (Fig. 33.), that is, Aa, 6 M, cN, (Fg. 34.) 
equal to am, h n, cm, (Fig. 35.) and PB, e P, and 4 O, equal to F n, 
% WI. > ii... © „ ts = A „ 
It is likewiſe plain, that if in a ſyſtem of bodies on the line A B, 
(Fig. 33.) their center of gravity m be in one of the bodies, it may be 
reckoned as a cypher, in regard to the center of gravity of the whole 


ſyſtem ; though its particular weight adds to the weight. of the whole 


* Though my intention here is to confine myſelf to treat of the center 
of gravity, ſo far as is neceſſary to give my readers a clear underſtanding 
of the method of finding it in tice yet J cannot allow myſelf to omit 
ſhewing how to find the centen of gravity, of any number of bodies 
placed at random in the fame. plane ;. ſuppoſe a, , c, d. ¶ Fig. 35. 
Ihe center of gravity of each particular body, (ſuppoſed to be known; ) 
we mult firſt find the center of gravity of aand , joined by an inflexible rod 
by the foregoing method, which ſuppoſe in e; and then conſidering a and &: 
as united in e,, find the center. of gravity of e and d, ſuppoſe in /; laſtly, 


conſidering 4, ö, and d, as united in 5, we need only find the center of 


gravity of Fand c, which. ſuppoſe. in g, ſo ſhall g be the center of gravity 
S gel ſyſtem.. I eee thib ſubject, with ſome. — | 
en Been BI CEE oe ee ws „„ 
I. The center of gravity. of any ſyſtem of bodies, may be found with- 
out knowing the dimenſions of their bulk, if their weights be known; 
for. ſuppo 
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ing 4 and 6 to be of different matter, (Fig, 36.) the one of 


T7 7) 45 


ſtone, and the other of wood, and each to weigh one pound, their center 
of gravity will be in e, the middle of the beam 4 6. 

IT. If the bodies be homogeneous, and of the ſame ſpecifick gravity, 
their centers of gravity may be found by their bulks, without knowing 
their weights; for, let the two bodies à and 6, (Fig. 37.) be homo- 
geneous, and let þ be double the bulk of a, then will their center of 
gravity be in e, two thirds of the length of the beam 4 e; and this is 
found without having any regard to their weight, Sc 4 7 deing double 
ce; then a:: ceꝛed. 

III. As the center of gravity of ny ſyſtem of bodies, conſidered, ab- 
ſtracted from any weight, may be found by their bulks ; it is in this 
ſenſe, that the centers of gravity of lines, ſurfaces, or of any ſpace whoſe 
weight is not confidered, are ſaid to be found. 

IV. We may likewiſe perceive that the center of gravity of any ſur- 
face, limited by ſtrait lines, may be found by reducing them to parallelo-. 
grams, triangles, or any other regular figures, whoſe centers © gravity 
may be found by the preceding rules; we may then ſuppoſe an E 8 
ble rod 27 thro* theſe centers of gravityy and the center of gravity of 
the ſyſtem; c, it may be foundasin (Fig. 35). 

Ir will be the ſame A reſpect of ſolids ; Ns ets ſolid may be divid- 
ed into parallelopipeds, priſms, cones, ot triangular pytamſds, and by 
Forming another ſyſtem” y the centers of gravity of the ſeveral bodies, 
we may find the center of gravity. of the whole ſyſtem by the rules al- 
won delivered. 

We may ner, perceive bow the center of x avity of 4 ſhip may 
Wund; for as the two ſides A and B, (Fig. 38.) are equal and 1 
follows that the center of ravity muſt be in a Fg erected berpetdich- 
lar to the keel, which will be in the plane of the <q uilibtium of the ſhip, 
and tho ſhip's bodies are very irregular figures, t ey may be reduced. 
nearly, to regular ones, by dividing them into ſeveral ſinall parts, and the 
center of gravity of each may . Fatt as before; bur af this method 
would be too tedious for practice. I ſhall therefore attempt to ſhew | 

How it may be performed by M. Bouguer”s 5 of momenia. 
The momentum of any heavy body, No of any extent conſidered as a 
heavy body, is the product of that N. or f that extent multiplied by 
the diſtance of its center of gravity from a certain point aſſumed at 
pleaſure, which is called the center of the momentum, or from a line 

| which i is called the axis of the momenrum. 
In order to comprehend this, it muſt be remembered 0 we made a 
| giftindion betwixt the relative and abſolute weight of any body ; ; the 
| TE ative 
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relative weight of any body conſidered with reſpect to that of any other 
body, or, with reſpe& to a point, is augmented or diminiſhed in pro- 
portion to the diſtance of that body, from the fulcrum, the abſolute weight 
remaining ſtill unvariable; or it is the relative weight which mathema- 
tians conſider, when, they uſe the momenta, by multiplying the weight, 
or extent of any body, by the diſtance of its center of gravity from a 
point or line aſſumed at pleaſure. «© ent, 
Example. Let B, (Fig. 39) be 6 pounds, A the center of the momen- 
tum of B; and let A B be 4, then ſhall 24 be the mamentum of B, rela- 
tive to A. Again, let B be 6 pounds, (Fig. 40.) AB 4, as before; 24 
will ſtill be the momentum; let C likewiſe be 6 pounds, and AC 3, ſo its 
momentum will be 18, and the momentum. of the two bodies will be 42. 
If the two bodies in the ſame plane are not in the ſame direction, from: 
the point A, that will make no alteration, if we conſider them relatively 
to an axis A A 4, its momentum will be 24, and the diſtance of C being 3, 
from the axis A A, and weight 6 pounds, its momentum will be 18, fo 
thall the momentum of the two be 42 as before. I ſaid the center, or 
axis of the momentum may be placed at pleaſure; ſoſ it may be placed 
betwixt two bodies; if then it may be at the point A, (Hg. 4a.) preciſe- 
ly betwixt the two bodies Band C, ſuppoſe 6 pounds each, the mamenta, 
of each being 12, they will be equal, and the center of the momentum 
will, be in the center of gravity of the two bodies; but if we place the 
center of the mamen tum in D, the momentum of C being 6, x. 3 18, 
and that of B G * 1, the equilibrium will be deſtroyed: an 
We may now begin to perceive the relation betwixt the eenter of gra- 
vity and the center of the momenta, but to make this ſtill plainer, we 
ſhall ſhew that the ſum of the momenta of all the bodies that compoſe a 
Sema is equal to the mamentum of all the bodies. conſidered as united in 
their common center of gravixxy. ee e e 
If we multiply all the weights 6, 5, 8, 4. 1o, Cc. which are placed 
along the beam A B, (Fig. 43.) by: the diſtance of the center of gravity: 
of each, from the point A, which is aſſumed as the center of their na- 
menta; that is, 6x1 + 5 x2 +8 * 3, Ce. and, laſtly, 6x 11 the 
add the weights of all theſe: bodies into one ſum, that is, 6 + 5. + 8:-+4, - 
Sc. + 6, the whole will be 66; and this multiplied by 6, the diſtance 
of the point C, the center of gravity of the ſyſtem from A, the center 
of their momenta, we ſhall have 396 for the momentum of the ſum of all 
the weights as united in C, the center of gravity of the whole ſyſtem, 
equal to the ſum. of all FRI) of the bodies taken ſeperately ; e | 
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that it will always be ſo is evident, for, fince the point C is the! center of 
gravity of the whole ſyſtem, in which all the weights are ſuppoſed to 


de united, and the point itſelf fo placed, in reſpect of A, that all the 


placed betwixt C and B gain as much energy or force, by their 
diſtance from the point A, as the weghts, placed . N C and A, looſe 
of their particular relative force. | 
Hence, the momentum of the center of gravity, of a ins of bees 
bodies, is equal to the ſum of the momenta of the ſeveral particular bodies 
that form the ſyſtem ; but it will be proper to remark, that if we conſider 
the mementa of a ſyſtem, with reſpect to a point A, which happens to 
be in the center of gravity of one of the extreme bodies, (Fig. 44.) it 
will make no alteration in the operation, only omitting that body which 


may be deemed a cypher; for, ſuppoſing the body A 6 pounds, then 


S* 148 x 2 4K 3 +41x5+9x6=292,and 6 ＋ 5+8+ 
4+4r + 9 = 73, which, muliplied by 4, the diſtance of the center 
2 gravity of the * from A, the eber wil * 1 5 N to the 
ormer. | 
Loet che bodies 1 dhe dns weight, and plates: as rbaſoee: and D, the 
center of the momenta (Hg. 45.), be betwixt two of the bodies, the ſum 
of the weights, 8, 4, 41, 9, 6, 5, multiplied by their diſtance from D, which 
is ſuppoſed the center of the momenta, will be equal to the ſum of all 
the weights . 5. , , * multiplied by the diſtance of their center 


3 gravity C, from D, the center of their momenta; obſerving to ſubtract 


roduct of the weights of thoſe on one ſide of the point B. from thoſe 

Jas other fide, —— eadexyouring: * turn the ergo e's its own 

Sie, they will baye contrary effects. | 

Suppoſing D to be exactly in the widdleboriice 5 and 8; we Neve 8 * 5 

=4+4x1:5=6+ 41 3.51438 ＋9 * 4.5 = 40.5, the ſum of 

the whole is 194 ; and on the other fide 5 & 5 2.5 ＋6 * 1.5 29. 
their ſum 11. 5 ſubtracted from 194 remains 182.5, exactly equal to the 


ſum of all the weights 8 4 ＋ 41 + 9 ＋ 5 L G 73, Which, 
multiplied by 2:5, the diſtance of their center of gravity C, from D, the 


Center of their momenta, is 182.5; but it muſt be obſerved; in this laſt, 


ve take the ſum of all the weights, without ſubracting thoſe on the one 
ſide from thoſe on the other, becauſe they all tend towards the center of 
the earth; whereas, in finding the momentum of each Ee body, 
they being ſuſpended on different fides, the effects will a Tecipfo- 
cal proportion to their diſtances. - 
Laſtly, ſuppoſe the center of the momenta be in E, (Fig. 46.) it is 


— 


center 


Plain E equal $ W 1 s diſtance from the 
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Enter is O; Exo =o, and then multiplying 4, 41, 9, by their reſpec- 
tive diſtances from E, and, from the ſum of their product, ſubtracting - 
the product of the ſum of 5 and 6, multiplied by their reſpective diſtan- 
ces from E; ſubtracting, I ſay, this product from the ſum of the other 
products, the remainder will be equal to the ſum of all the weights, 
multiplied by the diſtance of their common center of gravity C, from E, 
the center of the momenta. Having thus proved that the ſum of all the 
particular momenta that compoſe a ſyſtem are equal to the product of 
the ſum of all the weights, multiplied by the diſtance of their center of 
avity, from the center of the homenta, it will thence follow, that, if 
the ſum of all the momenta be divided by the ſum of all the weights, the 
quotient will give the diſtance of the center of gravity from the center 
of the momenta ; or, which is the ſame thing, if the momenta of ſeveral * 
bodies, in reſpect of a point or line, be divided by the weight of theſe 
bodies, the quotient will be the diſtance of their center of gravity from 3 
that point or line which was aſſumed for the center of their momenta. | . 
As for example, if it were required to find the diſtance of C, the cen- 1 
ter of grayity of the ſyſtem, (Fig. 47.) from A the center of the mamen- 


ta; th ſum of the momenta is 292, this divided by 73. the ſum of the 
weights, the quotient 4 is the diſtance from A to Cc. 


, 


As examples taken from things of common uſe are moſt inſtructive, I 
ſhall ſhew that the conſtruction of the ſteel- yards is founded on the ſame 
principles; but let it be obſerved, that we have no regard to the weight 
of the beam AB, (Eg. 48.) or we ſuppoſe that the part A C, of the 
beam is in equilibrium with the part BC, C being ſuppoſed the ful- 
crum on which the beam reſts; we likewiſe. ſuppoſe the (diſtances A C, 
Ce, e fg, bi, ix, k1, I'm, to be equal; and that the weight e, is one 
Is is plain, if we put the weight e in E, we muſt put one pound in 
, to gain the equilibrium; but if » be put in , we muſt put 2 pounds 
in D, becauſe the momentum of e placed in f, is 2; and for the ſame 
reaſon, if e be put in g, we muſt put 3 pounds in D; if in B, 4 pounds; 
if in 5 5 | unds ; if in R, 6; if in y 7 pounds; and, if in N, 8 pounds; 
for e 285 1 pound multiplied by m /, equal 8, is equal to D 8 pounds 
e / gn 
Suppoſing the points E, I. g, B, i, &, / and m, had a weight of one 
pound ſuſpended to each, theſe weights being all equal, and Equally diſ- 
tant from one another; and uppoling C, the center of their momentum, 
we ſhall have their ſum by taking E once, F twice, &c. and m eight 
en n #74” L901 r N times, 


mi \ 


. 


preſented i in (H 14) by 11 5 
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times, their ſum will be 36, which, divi d by 8, the quotient ves. 

the center of gravity of the ſyſtem ce ae hs ae hed K 
Now we have got ; FA method. of Finding, the center of. rp, f 

a ſyſtem cf heavy'b Thus, ſince the centers of grayity of a 15 

tem of heavy bodies, or of furfices, or of ſolids, will be in the fame place, 


and when we know the abſolute 11 t, or the extent of each of theſe 
4 0 


bodies or ſurfaces, and the diſtance of each center of gravity, from a cer- 
tain point, aſſumed for the center of the momentum, . or rom a line, 
wick? 18 ſuppoſed | the axis of the equilibrium, e may always find the 
diſtance of the center of gravity from 19 gint which we have choſe for 
the center of the momenta, or from th 101 5 which we regard as their 
axis. It is from theſe Yrinciples. that MI Uguer. has furniſhed, the 
by with an eaſy. met od of finding che a of x gravity. of 


It now remains to app| e. pripciples, Mhic eſtab = 
t Fa of e of Pf. pri of, 186 n 06 Nh with the ſi 

pleſt operations, we, only propoſe. at firſt to dhe center Y gravity of 

the area of a ſection © 7 0 a 55 lag FUR lige, W bich i is re- 


I, The two, ſides 1 being gel and ſimilat, 

35 2 5 hy 5h Foes : i RG 

vity of. that ſur ACGIH {Gon tis ores 

| II. The curves t. 215 ono fies of that fur face 1 8 
| muſt 1 be reduced as Ha * « poſnbl, tar = pl N N the ſur- 

4150 es Ys) ordinates 4 4, 6 e {4 ob vi 25 place them at 

klo one d e likeyile, the, dilnees mult be ſo 

ſal, wy l on. of the cur 17 e 225 n 1 be 

copſidered is Arai = which will be near enough for tice, as we 
do LS here p ro! 2 1 utmoſt de egree of exactneſs. 3 

| Thel, galt yY, dee d rface- 28 22 1 paral- 

as ar 1 he 1 he ' HCH {th pan 

of t 1 mall, it is 1 10 th Ser js ig of 


iber 8 6 
lelog am 155 pit * th j line cc in reell the i 
AF, and, it will be ſo * abb S , 1 the cnn of *v 0 
the parallelograms will form a ſyſtem diſtributed on th e line 
To find the center of gravity of the ſyſtem, in = © be: A, which. 


2 aſſued for the firſt of; t „ led We mY. 
| obſeryed, multip wy the as he o 10 ph D 0 be hace o 
Its | kom. t po Having of. 
15 center of ws _ 4 by the furs — $A T5 of all Hug 


Ac Ne Jets <A and the quotient . 
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the asd Nt e of the center of gravity from the Polt nt A, the axis of the 
momenta.” 7 ee 
M. Bouguer has atttevited this o operation ; for, confiderin g that we 
Muſt have the area of the whole ＋ AB, before we can obtain a 
ſolution, he finds. that by the method de ivered in Chap. VIII. of the Ap- 
pendix, which is as follows: © 
- "a Divide the'whole length in ſeveral equal parts 44, 55, c, 44. Ge, 
| d. Meaſure all the ordinates'a 4, b B, & c, 4 4, Sc. and add them al- 
. except, the firſt and the laſt, of which we muſt only take one 
half of each. | 
zd. Multiply that ſum by the diſtance betwixt the ordinates, and the 
product will be the a 2 Of the fection A B. | 
The ſecond thing to be had is the ſum of the momenta of all the ele- 
mentary parts or che füt face, Which M. Bouguer has readil done, by 
up each ordinate into its diſtance, e the wo yh ; then he 
takes the fam of all theſe products, except the firſt and laſt, of which he 
; takes only o one half of each ; and by mu Pal He that ſum b by the dift 


before found ; the quotient gives the. diſtance of oth center of gravity of 
the whole ſurface from the point A; 1 

To explain this by an example, let it be te julred to find the center of 

vity of a-ſurface A B (Hg. 50.) 160 feet long, in order to which : 

* 1ſt. Divide the ſurface by the ordinates ab, 24 LL which are here 
20 feet diſtant from one another. 

2d. Omitting the line A, which here repreſents one of the tranſome, 
becauſe we aſſume it for the axis of the momenta. It is 18 feet long. 


feet, | OY Lines, | 2 product. 
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Suppoſe then we fink. the centers of gravity, of the ſurface of each 


ſection contained betwixt the load water line and the keel; by the ſame 


method, we thall then have a ſyſtem of heavy bodies, which will have ; 
their centers of gravity in a plane erected perpendicular to the keel at 


their ſeveral diſtances from the line AB, which is aſſumed for the 
axis of the momenta, In order then to find the poſition of the center 
of gravity of the hall, in r eh to the length; we muſt find th poſition 


of the center of gravity of the {1 ſyſtem, with, reſpect to the line A B, 
which we aſſume for the axis of the momenta, or for the, firſt. term. : 


(Pg. 51.) 
Having by the preceding operations found the area of FW) ates oe. | 


and its center of gravity, we need only 75 85 y, the area of each ſection 


by the diſtance of its center of F line AB, and add all the 


products, except that of the firſt and la me which. we muſt only take 


done half of each, and then divide the um of all the products, by the 
ſum of all the areas, e . take only half the , firſt, and at, and the 


| xk will give the diſtance the center of gravity of the whole ſyſ- 
EM from K AB, the 5 1 the ee, 5: NERD Ma wk tis 
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the 8 we — 81 feet 1 inches, the diſtance of the center of 
gravity of the ſyſtem eee ine AB, ras will. be nearly 
in the line HH. 

It yet remains to ſind at whavheight ales the keel in the line HH, 


the center of gravity of the hulk, or of the ſubmetged part of the ſhip, 
will be found: In order to which, let us take Gg,' the upper ſide of the 


keel for the axis of the monienta, or the firſt term; then it is only find- 


ing the mamentum of each fur face with 5 keel; (the diſtances 


ing the ſum of 


2 Gow 


bet wirt each ſection being ſuppoſed. ; and then di 
all . Rr by dass,: Fre o Tat Fans e 5 
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4955) 68000 (13 8 2 is the diſtance 


of the center of gravity of the hull above the keel, which will interſect 
the line H H in the point J. 

In the preceding calculations we have ſuppoſed 1 hulk to be com- 
poſed of an homogeneous matter, all parts of which, in bulk, will be of 

equal weight; now, tho this is a caſe that can never happen in a ſhip, - 
W ich contains various things of different weights, yet it may not be al- 
together uſeleſs to the builders, ſince all ſhips of the ſame rate having the 
different weights placed nearly ſimilar to their lengths, they may find the 
center of gravity as above, and comparing it with the center of gravity 
of a ſhip, which is known by experience to have all the good qualities 
that can be expected, we may diſcover if the center of gravity of the ſhip 
we are to build be properly paced, and beſides 1 it will aſſiſt us to under- 
ſtand what follows. 

It would be a very complicated and b taſk to find the center 
of gravity of a ſhip properly maſted and rigged with all her proviſions 
and furniture on board, and, tho' I do not deſign to engage in the folu- 
tion of that point, I think it would be unpardonable in me not to men- 
tion the action of a heavy body upon the fluid that ſupports it, and the 
re · action of the fluid on the floating body. 

It was obſerved, in the beginning of this chapter, that the whole ma 
of any body may be conſidered as united in its center of gravity, and 
that if it were ſuſpended by a line faſtened to its center of gravity, that 
line would reſt in a vertical poſition, and its direction would paſs thro' 
the center of gravity, andthe center of the earth ; but a body which floats 
in a fluid is not ſupported hy its center of gravity, but by the preſſure of 
the environing filaments. of water, which being conſidered as infinitely 
ſmall, each will act upon an infinitely ſmall portion of the ſurface of the 
floating body, relative to the ſpecifick gravity, and, in proportion to the 
height of theſe filaments, conform to a principle applicable to all 
fluids ; DIR et * weight of a. . of any fluid will bei ip propor- 

Supp. | tion 


( a} - 
tion to the ſpecifick gravity of the fluid, and the height of the column 
multiplied by its baſe. | : F_ 

The preſſure of the fluid acting upon all the fubmerged parts of the 
ſolid body, in the fame manner that gravity acts upon all the parts of 
matter, the effect of ſuch preſſure will be united in a ſphere of wax, of 
the ſame ſpecifick gravity with the fluid, and which is intirely ſubmer- 
ged, preciſely to the ſame point as the center of gravity of the ſphere of 
wax; We mult then conceive that the preſſure of the fluid acts im- 
mediately on the ſurface of the ſubmerged body; but its action is united 
in its center of gravity, juſt as if it exerted itſelf upon every part of the 
ſolid body. Wax is nearly the ſame weight with water, and if one finks 
. a ſphere or ball of that matter, its preſſure on the fluid will be united 
preciſely in its center, or in the fame point in which the whole weight 
of the ball does act; ſo in that ſuppoſition the center of the preſſure of 
the fluid coincides with the center of gravity, the action of each being 
united in the center of the ſphere. Ex 5 
But this is not all; for as heavy bodies, by their gravity, endeavour to 
approach the center of the earth, in a vertical line pafling thro” their cen- 
ter of gravity, tending directly towards the center of the earth; fo the 
preſſure of fluids endeavours to carry bodies in a vertical tending from the 
center of the earth towards their ſurface, and paſſing thro” the center of 
gravity of the ſubmerged part which forces them towards the ſurface; ſo 
in any ſubmerged body at reſt, theſe two oppoſite forces coincide in the 
ſame vertical, acting ina quite contrary direction to one another. 
We muſt conceive then all heavy bodies endeavouring to approach 
the center of the earth, by a ſecret force inherent to all 'the parts of 
matter; ſo, (Hg. 52.) the globe of lead þ tends towards the center of 
the earth in a vertical ſtretching from the point of ſuſpenſion 4, thro 
// (( ĩĩ PHO BOP TIRES 4 
© Thoſe bodies that weigh leſs than a column of water, (of the fame 
bulk), in which they ſwim, endeavour to riſe by the preſſion of the fluid 
in a vertical line tending from the center of the earth to the center of 
gravity of the ſubmerged body; ſo the globe of cork d tends towards 
the ſurface in a vertical line ſtretched from the point c, to which it is 
faſtened to the center of gravity of the body 226606. 

Let us then ſuppoſe two hooks @ and © faſtened to the oppoſite baſes 
of the glaſs cylinder A, B, C, D, full of water, and let a ball of lead be 
ſuſpended by a hair to the hook 4, and one of cork, faſtened by ano- 
ther hair to the hook c; it is plain, if the cylinder be upright, the ball 

'of lead will deſcend towards c, with a force equal to its weight, leflened 


* — 
* 


T1 
by the weight of the fluid it dif places, and the ball of cork will rife with 
a force equal to the weight of water it diſplaces, leflened by the weight 
of the cork, and if the hair that faſtens them be cut, they will be affected 
by contrary forces, 6 deſcending in the. vertical @ c, and 4 aſcending in 
the vertical c a, they will meet in the ſame point e, of the axis of the 
cylinder ABCD. But if we ſuppoſe the cylinder inclined as in (Fig. 
53.) each body will take a different vertical, but parallel to one another; 
ſo that if both were let looſe, 4 would deſcend towards 5, and d aſcend 
towards g, and never meet. Let us ſuppoſe them joined by a rod 5, e, d, 
of the ſame weight with water ; it is plain that each body will obey the 
force that acts upon it, 6 deſcribing the arch 5g, and 4 deſcribing the 
arch d b, they will place themſelves in the ſame vertical, parallel to af, - 
or cg; and if the force which the preſſure of the water exerts on 4, be 
greater than the force of gravity exerting on 6; then will 4 draw 9 to- 
wards the ſur face of the water. On the contrary, if the force of gravity, 
acting upon 5, be greater than the force of the preſſure of the water, 
acting on d, then will 5 draw it towards the bottom: But if the forces 
be equal, 5 and d will reſt in the middle of the fluid in the ſame vertical. 
The two bodies will then turn round a point in the rod &, e, d; but it 
will not be eaſy to aſſign that particular place; it 7 that if 5 en- 
deavours to deſcend with a greater force than 4 to aſcend, in that 
caſe the center of rotation will be neareſt to 4, and, on the contrary, if the 
force that raiſes d be greater than that which depreſſes 5, it will be near- 
eſt to 6. Hence, in all heavy floating bodies which are at reſt, the cen- 
ter where the effect of the gravity of the body is united, and the center 
where the effect of the preſſion of the water is united, are in the ſame 
vertical, tho' ſeldom in the ſame point, as in a globe of wax which 
was ſuppoſed to be-of the ſame ſpecifick gravity with water. | 


In order to apply theſe ernte 20 to ſhipping, let us examine what . 


would happen to a ſtick, ſunk endways perpendicularly into the ſtanding 
water. Now this ſtick (Fig. 54-) being ſuppoſed all homogeneous, its 
center of gravity in air would be in e, the middle of the ſtick; let us 
ſuppoſe the ſtick ſo light that it ſinks perpendicularly. only to a, the one 
fourth of the length a 5: Now the ſtick being an homogeneous cylinder, 
the center, e the whole force of the column of water N is 
united, will be in e, the middle of the ſubmerged part. 
Now, admitting all theſe ſuppoſitions, it is plain, when the ſtick is in 
a vertical poſition, the two oppoſite forces acting in the ſame vertical 
line will deſtroy each other, and the ſtick will reſt in that vertical poſi- 
tion ; * ſtick be but a * as in (Fig. 55.) the caſe * 


( 84 ) | 
be quite . for the gravity which reſides ini the eint 6 6, exerting 


itſelf in the direction c g, it will concur with the preſſure of the water 


acting in the direction of the line e to overturn * fick, or Sant it 


horigontally on the ſurface of the water. 


The center of gravity of the ſtick will | always hen in che middle of i it, 


1 the point c, becauſe it never changes its poſition with reſpect to the 


ftick (Tig. 50.) and the center of the preſſure of the water will always be 
in the middle of the ſubmerged part, or rather of that ſpace. which is 
abandoned by the maſs of water diſplaced, which will be in the point e, 
in the ſame vertical with the center of gravity of the ſtick, and 0 the 


Whole will be at reſt. 


Let us alter ſome of theſe ſuppoſitions, and we hall find the fame 


_ Cauſes produce different effects. 


Suppoſe then (Fig 57.) the part ac, of the Kick _ to be, if yr 
pleaſe, three times the weight of c 5, of the ſame tick ; the center of 
gravity of the ſtick in air will then be towards 4; the ſtick being nearly 
of the ſame weight with the column of water diſplaced, will fink, ſuppoſe 
to e, the center of the impreſſion of the water will be pretty near to 4 


but ſuppoſing it in c, or in any other point not below d, it is plain, 
when = ſtick is inclined, as in Fig. 58, it will return to the vertical 


poſition; for the force of gravity which acts in the direction of the line 
de, will draw. the end à towards 2, and will concur with the force that 
reſults from the preſtion of the water in the Gredhos * the line: c 0 1 to 
being. the ſtick into its vertical poſition. | 
To make this Rill plainer, let us incline the Rick + a little more We 


may eaſily perceive, in Fig. 59, that if one purchaſe be applied to 9. 


acting in the direction of the line g d, and another purchaſe applied to 
V acting in the direction of the line e Fs the extremity & would approach 
to b, and the extremity à to i, and the ſtick would be in the vertical þ 7. 
We may conclude, from this expetiment, that any floating body will 
recover its vertical poſition, when the center of gravity is belo the 
point where the force of the preſſion of water is united. The ſtability 
will be diminiſhed, if the center of gravity be never ſo little above the 
center of preſſion 3. and the body will overturn, when the center of gra- 
vity is raiſed to a certain height above the center of preſſure; for; 
in this 5908 caſe, hoth act in concert to overturn the bodys 3 in 


the firſt, both join to preſerve its upright poſition. 


It was before obſerved, that the point ſhifts, on «who whe ints © - 


And, d are turned roumd. We Mall now remark; Firſt, Phat this will 


* according as the * of cor 4 8 5 Second; According to 
the 


=” | 6385 5) 3 5 | 
the poſition of e and 4 upon the ſtick, 4 6. Third, According to the 
difficulty that @ will find in diſplacing the fluid, to bring itſelf to 7, or 
that 6 will find in bringing itſelf to ; and it is poſſible, it may vary 
according to the different inclinations of the ſtick. If this point of ro- 
tation were invariable, and a method of finding it could be obtained, 
we might then, without regarding the preſſure of the water, know 
where to place the center of gravity, either to keep the ſtick upright or 
horizontal. I ſhall explain this by an experiment, which may be made 
by a well-known toy, or play-thing for children. 
Every one has ſeen (Fig. 60.) the ſmall ivory puppet, which keeps 
itſelf in a vertical poſition, upon the point of a needle, by the aſſiſtance 
of two counter weights, c and d, which being joined together by a wire, 
are placed a good way below the pivot that ſupports the figure, 
I! he weight: of the figure is eſteemed as nothing, when compared 
with the weights c and 4; ſo the center of gravity of c and d will be 
towards m. If the figure is inclined towards i, the weight c will be 
carried towards e, and the weight d towards /; ſo the center of gravity 
will ſhift towards ; and as it ſtrives to approach the center of the 
earth, and place itſelf in the vertical 926, the figure will recover its firſt 
ſituation. It is evident, that it will be quite otherwiſe, if the weights 
e and d are placed above the pivot, which ſupports the figure; for if 
they are placed in i and , and the figure be inclined never ſo little, they 
will both act in concert to overturn the figure. We may likewiſe ſee; 
that if they are placed in g and h, at the extremities of the plane of the 
pivot, which is ſuppoſed; to be their center of gravity, they will not, 
in the leaſt, contribute to keep the figure uprighgglt. 
From this experiment we may infer, Firſt, In order to keep the figure 
upright, the two weights, c and d, muſt be exactly equal, or their. dif- 
ference adjuſted by their diſtance from the line 5-2», ſo that their center 
of gravity may be in that line 4 m. Second, It will be neceſſary, that 
the counter weights be below the axis of rotation of the whole ſyſtem. 
Third, The further the weights are below the axis g þ, or the points, 
the greater power will they have to recover the vertical poſition of the 
figure. Fourth, The nearer the weights are to the point , or line g, 
the leſs will be their power to recover the vertical poſition of the figure ; 
and they have no power at all when the weights are placed in the line 
gh. Fifth, When they are placed above the pivot, they will both con- 
tribute to overturn the figure; and the greater their diſtance above the 
figure, the greater their force to overturn” the figure. In * 
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keep the figure in an equilibrium, the center of gravity of the counter 
weights muſt be placed below the extremity of the pivot. 

This important point, which M. Bouguer calls the metacenter, might 


eaſily be found in floating bodies, if the center of their motion were in- 


variable and known. pn on poo be ee 

It is not my intention to follow M. Bouguer through the various ſteps 
of his elegant inveſtigation of this point. We ſhall here obſerve, that 
there is a great difference betwixt M. Bouguer's metacenter-and the point 
of rotation of floating bodies. Though, in Fig. 69, they be exactly the 


_ fame, yet in floating bodies it will be quite otherwiſe ; and it is poſſible 


the point of rotation may be continually thifting, from the time the 
body begins its vibrations till it arrives at ſuch a ſtate as renders them 
regular; but it is not ſo with regard to the metacenter, as M. Bouguer 
has proved beyond diſpute; and c is certainly the metacenter, in Fig. 61, 
for the ſub-merged part is ſuppoſed perfectly round. © © 
In order to apply what has been ſaid to ſhipping, let us examine the 
caſe of à cylinder (Fig. 62.) lying in the water, of which let 45 4 be 
a ſection perpendicular to the axis; let , reprefent the hold, which 
contains the ballaſt, &c. ea and 4 repreſent the upper works; ef the 
line of flotation,” and 4 the maſt, of the ſame ſpecies with the ſhip. 
It was before proved, in Chap. VIII. of the Appendix, that the weight 
of the whole ſhip, including maſts and rigging, and all above water, as 
well as all below water, was equal to the weight of that column of wa- 
ter diſplaced by the ſub-merged part. Now, g, the center of gravity of 
the whole ſhip, and. likewiſe i, the point where the preſſure of the water 
is united, muſt both be in the vertical plane 45; s muſt always be in the 


center of gravity of the ſub-merged part e 6 f, ſuppoſed homogeneous ; 


ter diſplaced by the ſab-merged part; 


be in k, and that of the preſſure of the water in i, the ſhip would in- 


cline ſo far to e, till the two centers, & and i, ſhould be in the ſame 
vertical / m (Fig. 63.) the ſhip would then come to her bearings, and 
lay faſt in the water, but in a very bad condition for ſailing. 


4 


No, as the ſection of the cylinder e I/, when it is inclined, is ſimilar - 
and equal to the ſection e bf, when upright, it will follow that i, the 
center of preſſure of the water, will be in the vertical /m; for it 
will always be in that line which biſects the line of flotation. In this 
_ caſe, the metacenter does not ſhift, becauſe the ſection being a circle, all 
the verticals will paſs through the center; tho, in any other form, this 


— 
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point l ſhift higher or lower, according to the inclination of the 


body; But it may be found by M. Bouguer's method, the inclination 
being ee. . 
It will be proper here to remark, that the center of gravity of the 
ſhip will always continue in the ſame point, even when the ſhip heels; 
for if it ſhould happen to be otherwiſe, - by the ſhifting of the ballaſt, or 
any other accident, it would be of very dangerous confequence. If then. 
the center of gravity be in g (Fig. 62.) in the line 6 þ, it will continue 
in that line, when the ſhip lays over, as in Fig. 63; for it will not be 
in the vertical /n; but it will endeavour to place itſelf in that poſition ;; 
and the force of the preſſure of the water, exerting itſelf in the direction 
of the line Im, both theſe efforts united will contribute to right the 
ſhip; and this will always be the caſe, if the center of gravity, g, be not. 
placed above the point c towards 5; for, in that caſe, the weight of the 
thip, and the preſſure of the water, would both contribute to heeli 
We Hr without having recourſe to M. Bouguer's geometric. nicety, 


ſhew how dangerous it would be, to raiſe g, the center of: gravity. of 


the ſhip, to any confiderable height above i, the point where the preſs 
ſure: of the eolumn of water diſplaced is united, as in Fig. 64, if the 
center of gravity be placed in , no ſooner does the ſhip: begin to hee}; 
never fo little, but the force of gravity acting in the direction of the line 
2 0, will cauſe her to heel more, at the fame. time that the preflure of 
the fluid, united in the point , acting in the direction of the line i p, 
will-{till raiſe the hody higher; and both theſe. forces will continue to 
act in concert, till they both. come to be in the ſame vertical 5 u. It is 
now very plain, the more we raiſe the center of gravity towards h, the 
more we lower the center of preſſure of the water towards 6,” the 
greater force wilt theſe two powers have to overſet the ſhip: It is like- 
wiſe plain, that if the center of gravity: were placed in c, it would con- 
tribute nothing either to heel or right the ſhip. Laſtly, the nearer we 
come to 6, the more will it contribute to keep the ſhip upright; and 


when the center of gravity is below the center. of preflure of the _ 
water, theſe two will act in concert to keep the ſhip upr igt. 


K & % 5 5 * 


I The center of gravity muſt not, at, any rate, be placed above the 
point c, which M. Bouguer calls the metacenter;. but it will be proper 
b to remark, that C, the center of the arch «4 /;- (Hg. 61.) will 
ſerve to limit the center of gravity, even when the body is ſo light as 
to ſink only to g 4 G, in an upright, or to i & in an inclined poſition; 
It is eaſy to perceive, that if the center of gravity be in the line N 
oh | 1 5 HO 1 „„ Wane: 
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whete betwixt c and m, the nearer it is placed to &, the greater power 
will it have to bring the ſhip upright, by ſtruggling to bring itſelf into 
the line 15; on the contrary, if it be placed betwixt c and , the nearer 

it is to n the greater power will it have to overſet the fig. 


The center of gravity, then muſt not be placed above the point c; but 
the ſhip may continue upright, tho” it be placed above n. 


» 


The misfortune. is, that it is only ſegments of circles that have their 
metacenters in their centers, and could they be as eaſily found in ſhips it 
would be a great advantage.: It is true, M. Bouguer has furniſhed us with 
a method to. inveſtigate the center of gravity, of a hull in form of a ſphe- 
roid; but it is not my intention here to follow him in his reſearches, 
which he has carried on with all the clearneſs they are capable of. 
As we confine ourſelves:to: what-is directly applicable to practice; it 
may ſuffice to have ſhewn what effect the weight of the ſhip, and the 
preſſure of the water will have upon the ſtability of the hip, and that, by 
what we have collected from M. Bouguer, we may conclude that the 
metacentet ſhould be: placed a little above the line of flotation; but the 
center of gravity will be higher or lower according to the form of the 
bottom, or according to the manner of ſtow ing the hot. 
At firſt fight, it is curtain that all- the weight above the line of flota- 
tion helps to make the ſhip crank, and of conſequence, the üghter the 
upper works the ſtiffer the ſhip, and it is by this method of lightening the 
upper works, that M. ue Gchon, captain of one of his” majeſty's ſhips; 
made thoſe ſhips carry ſail which were before thought to he very crank. 
The builders may vary the form of a ſhip, chiefly, in three dimenſions, 
#0 wir, length, breadth, and depth: Let us examine” how' far enlarging 
of ſhips, 1 in any of mw bartender will contribute towards making her 
TT ¼ . ͤ . 0 ES 
15 the length only; without altering the other dimenſions, be enlarged, 
che center of gravity /andithe'metacenter will eontinte ehe fame height, 
fo her ſtability in feſpect of inelination to one ſide Will increafe in pro- 
portion to the: weight-of the ſhip; and as the weight generally increaſes 
or. diminiſhes in proportion to the length, we may ſay, that in ſhips that 
Aiffer only in length, their ſtability wilt be in proportion to their length. 
It will be quite otherwiſe, if we alter the breadth; for, by enlarging wie 
gain, and by diminiching the breadth we' looſe a great deal of the ſtabi- 
ty; M. Buaguen has proved that the ſtabilty increaſes in proportion to 
the cubes of the" breadths Fog, ſuppoling the bottom homogeneous. = 
then, It: The inoreaſe of weighs, and ef eonſequence of ſtability, will be 
double the ãαννsñſe of the breadth. 2d. Phe additional weight will act 


( % ) 
with'ls much the preater force, as the length of the lever is increaſed, or 
as the metacenter is raiſed, and the height of that point is augmented/i in 
proportion to the ſquare of the breadth ; hence, the ſtability will be in- 


creaſed in proportion to the cube of the breadth : For example, without 


altering the other dimenſions, let the breadths be doubled, we thereby 
double the weight, which, acting upon the arm of a lever, double the 
tength will be quadruple, fo the ſhip will acquire eight times the ſtability. 

We may prove this by an experiment upon two models, the one double 
the breadth of the other; ifa ruler 51 (Pg. 65) be erected perpendicu- 
lar in the middle of each, and a plumb line faſtened thereto, and if like- 
wiſe an equal weight x, be ſuſpended to each lever h , we ſhall find, 

by the angle the plumb line makes with the ruler, the ſtability will de 
as 8 to 1. We may like wiſe prove it, by comparing the different angles: 


made by the ſame weight, or which, perhaps will be more fimple, let 


the inclinations be equal, and, ſuppole the one model three times the 
breadth of the other, then we ſhall find that it will take 27 times more 
weight to produce the ſame inclination, or the ſame _ weight placed 27 
times further from the axis than the other. Hence, in — the ſta- 
bility will be in proportion to the cubes of the breadths, provided all the: 
other dimenſions be equal, fo if the breadth be as 1 GO: , the Rability 

will be as I to 27, for 27 is the cube of 3. 


Experience has proved to the builders. what has demonſtrated: 


w M. Baugier, for without doubt it is for that reaſon they place the ex- 
near the lines of flotation. Tt 


treme breadth of the midſtrip frame 7 
would be very inconvenient to raiſe the breadth in midſhips; bot A 
ing the breadth afore and abaft we gain in ſtiffneſs. bis will ap 
very plain, if we compare the ſection that forms a rectangular . 
is at the load water-line to one that forms a rhemboides, Wheſe 
deute angles are at the ſtemn and poſt, which M. Bowgner Has proved to 
do four times the Rability of the other, Now. when, by increaſing the 
breadth, the water lines become leſs fair, and therefore meets Witk more 
reſiſtanee in dividing the fluid, it will not frem thence follow tbat will. 
binder her ſafling; on the contrary,, as the will thereby 37 N Nen deal. 
gre fail, it may affiſt her going. 
We have hitherto conſidered the Botto 
dent, the ſtiffneſs of a (hip: very much og er the Role 
the center of gravity-may thereby be loweue; | * : * bf 
If we only increaſe the depth, without enlarging- ether the Jenkth or: 
breadth, all the ſtability we 8 the. rage „ which is 


che next thing = confidered. 


as Bebo pod: but it vent 
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loaded ſo deep that the ſurface. of the water may glance on the extreme 
breadth; in midſhips, as the line e, (Fig. 65.) or a little above c d, 
(Fig. 66.) and that they muſt have a great deal of weight, ſuch as ballaſt, 
dinnage, Sc. which ſerves for no other uſe, but to bring the ſhip to a 
proper trim in the water; for if ſhe be too light, as in (Fig. 66.) ſhe 
will lay over till her extreme breadth g reſts upon the water; hence it 
follows, that a ſhip that carries a good ſail will heel but little, and ply 
well to the wind ward; but if, for want of ballaſt, the ſhip be not loaded 
quite ſo deep, if ſhe wants but a little, it will be no great diſadvantage, 
for after ſhe once comes to lay over to her breadth ſhe will go no far- 


ther, and ſhe; will fail very well in that poſition. 


= 


There will be great danger in overloading a ſhip, for then her guns 


* * 


will not be a proper height out of the water, an article of great impor- 


tance, and ſhe would meet with more reſiſtance in paſſing thro' the 


water; for, admitting her to be loaded to the line o 1, (Fig. 65.) ſhe 
would diſplace no more water by heeling to the ſide o, and ſo the preſſion 
of the water would not contribute with the center of gravity to bring 
nd „ i wilid 


9 


of no exception. It may ſuffice to ſay in the general, that a ſhip ſhould 
be loaded to her extreme breadth; but it is not indifferent what manner 
much increaſe, or diminiſh, the ſtability. It is evident then we muſt 
have no more ballaſt than will load her to the extreme breadth ſuppoſing 


400 tons, together with proviſions, &c. to be. ſufficient.to load a ſhip to 


s 
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I I ſhall not preſume to determine this point to a nicety, ſo as to admit 


her breadth, wwe muſt put no more weight on board, but we may take 


heavier ballaſt, by which means the center of gravity will be lowered 


proportionally to the-ſpecifick. gravity. of the ballaſt. Hence is deduced 
dhe general pracQice of ſtowing the heavy goods lomermoſt, and the light 
uppermoſt, whereby the ſhip, will be able to carry the greater ſail. 
Kisnot a mater 0f indifference how goods are ſtowed in the hold; | 
CT 
goods, 


| er Bold would not be near full, when loaded. to her proper 
water line ; and tho, by placing theſe goods on the floor, the ſhip would 


certainly carry a great ſail, yet ſlie would ſail very badly, and be in dan» | 


ger of being diſmaſted by her prodigious rowling and ſudden; jirkts. 
in a great meaſure, fou 
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|; means to prevent it by the dinnage, N i 


(or }) 
We heavy goods may be raiſed, this ail make her rowl eaſy, and 92 
weed 4 the water. ; 

What we have ſaid of the ſtability of ſhipping has inſenſibly led us 
to conſider the rowling and pitching; we have already ſhewn that the 
 fowling may be very much prevented by ſtowing the hold ; ; the form of 
the bottom may likewiſe contribute thereto. 

To explain this by an example; let us ſuppoſe the Aion of a ſhip, 

pendicular to the keel, to be exactly round as (Fig. 63), it is plain, 
if this be agitated in the water, it will have nothing to ſupport it, becauſe 
it diſplaces no more water when inclined than when upright, and of 
eonſequence would rowl prodigiouſſy. But if we put a plank. below 5, 
ſuppoſe to g, to run quite fore and aft, it is plain, when the ſhip is in- 
clined to. the right, the plank g will diſplace a column of water to the 
left, which will retard her motions, and this obſtruction will always act 
contrary to the way the ſhip heels, and will very much diminiſh the 
towling, but will add very little to her ſtiffneſs; , admitting. the hip 
to heel as in (Fig. 63.) the plank & g would contribute very little to 
bring her upright. But the 1 of the keel, the riſing of the, floors, 
and the dead wood fore and aft, as in (Fig. 66 J), will anfwer the, ſony 
Purpoſe: as the plank + g. 

In regard to the pitching, Iam of opinion, the beſt method hs can 
be taken will be to proportion the capacity of every, part to the weight 
it is to contain, and it will be very dangerous to depart from this rule; we 
have an inſtance of it in the Juno of 00:guns,. which, Wanting r | 
abaft, . was always a very bad ſailer; and, notwithſtanding, all proper 
means were uſed to remedy, this, by moving the iron ballaſt. forward 
and the fore · maſt guns aft, yet all their endeavours proved unſucceſsful, 
for the ſometimes Narben. to that Age, that, eh counter e en | 
Water. res 18 

It would not be. adviſeable to build a bad. ip, on \ purpoſe to ue er 7 
will be 2 — uſe. to find the proper means to. — the . 3 
In order to comprehend the means to be uſed to prevent the bad con- 
: ſequences of violent pitchings, let us ſuppoſe a ſhip at reſt, and a ſea- 

taking her afore; if the bow be well ſupported, that is to-ſay,, if the fare-. 
moſt frame be retty full, and her 9 line of the riſing of the floor 
not carried too high, this veſlel, will infallibly riſe with the ſea; it is true, 
When the ſea —— her ſhe will fall, again, but it will be eaſily, becauſe 
the breadth; increaſes gradually, even above the load water line; and this 
a of the body, being gradual, LN hinder the ſhip from falling, with 


experience, but experience ſeems not to agree with M. Bouguer's pri 


by lotig expetictice, und untyraried application, has 
| Mes Jr — baffled the oe gee of the en een M. 
2 N ag e. that we 3 in 


t 97) 
Fodden hocks ; on 'the contrary, if ſhe rn ds the wilt 
not pitch ſo much, but ſhe will, in the ſea term, bury herſelf under 
water forward, ſo that the foremoſt guns will be entirely n e 
In a fea-gate. - | 
We may perceive then, that their are two rocks to be avoided; thou 


Pu, breadth muſt be carried above the load- water line, to ſupport t 


Sow that ſhe ma es to tho fa, yer it maſt be divided in pare to 954 


vent violent 


Let us ſtil 7 the ſhip pirching, or heaving ind: ſending, in A 
ſea · gate; if the foremoſt frames have no hollow, that is, if they be ſtrait, 
from the breadth to the rabbit of the keel or ſtem, or if the yerticft 
curve reſembles a wedpe, thoſe ſhips will fall eaſy} becauſe the breadth, 
increaſing gradually, tie teſiſtance al likewiſe be gradual ; but, on te 

» If they are very thatp below, and the fratnes form a hollow | 
ſtom the rabbit almoſt quite as high as the breadth, it is plain ſhe will 


meet with a very ſudden ſhock, as the ſea metts with no oppoſition, till, 


all my a ſudden, it is reſiſted by the breadth; ſo that, in general, it 8 
ngerous to have à full bow; which will riſe to the Ee, than r 

ſharp one ih which wilt plunge 's- fore calle in. | 
ence, the whole art 1 in finding the proper mean betwint theſe 


Evo ertrernes; chat is, to ge the (hip Tach à form: as may eile and fall 


a into the” ea, and Hikewift mot hinder HAS. 


EE We baue 5000 gives wwe readers the ſabſtatice of dint theſe t two o ei: 
bent machematiciant have ſaid on the theoty of wage gener neg and for 
further particulars, beg leave to refer them to che originals; they will 


Gen be adde to Jatlpe how far they have ſucceeded in determining the 
neceſſary date ; one thing may be remarked, that they at laſt refer us to 


In which be fays the velocity Ani; nap'$ For he alferts, that if the tmidſhip 
Tante de n betere the wil le of the ſhip, it will obfitu@-the'velo- 
city; bechuſt the dow Will thereby become fuller; however he places 
i tone eh of the enth fore the idle e gre the elm ior 


ea « ad give our readers an adbunt of ſorne erpetiments ns ken by 


one of outdWh''cbatitrytnch, whole abifitics ate u 
— _ 


{T9391 
two thirds 47 the length from the aſter end. T ſhall not take upon 
bar to aſſign the reaſon of this, but there is no diſputin againſt matters 
of fact, perhaps it may be owing to what I ſaid on 8 head, when 
treating of towing a nth butt end foremoſt, or it may be on account of 
the center of gravity, which will thereby be further forward; it muſt 
be allowed this laſt cireumſtance will give the helm mor 2 tho 
it cannot be eee by his e _ 23 7 
experiments being to determine the form t Ic 
—_ the water with the greateſt velocity, and to feen the moſt — 2 
tageous ſituation of the midſhip frame, and that this muſt be nearer the fore 
part than the after part, he has demonſtrated in fuch a clear, elegant, 
and familiar manner, that I ſhould only diſcover my own weakneſs, in 
— to lay any more on that head ; o full gre; it in his own 


Of #% Erne, or lateral Preſſure f Ware 


"HE cylinders made uſe of in che following experiments were ſolids 

of Selena oak, 36 inches long, by four inches and a half diameter z 
ae ſides were ſtrait, and turned exactly round. 
As, in Hg. 74. is the ſtandard to make the compariſon from ; "Wil 
the pieces 1, 2, 3 4, 5, are ſcrewed together, they make che cylinder 
B equal to A, theſe are drawn thro* the water with e 4 faromnoſt ; 
until (by encreaſing Ge gcigs e pars; or pullly) 
the velocities agree. 95 
Alter which take out 2, and put together I, 4, and 5 which makes 
e C ta be one fourth oo chorter th an A which 


PIER rele 2 — 


e out 3, and put I, bY 5, 3 and it makes the iter | 


D; rn as before, nn nene 
fourth part more. 


8 i 1,2, 3, 4; and 6, together, it makes the cy | 
| Jader th With no mate difference from A, only that there is a direst 
Saya in lieu of a convex ; this enn er A, ons in * 


aden; the Ne ee « concave, and, 

drawn as before, it loſes ane fourth part an when 

When the flat ſuperficies is drawn any at wo i loſes. dad ewentye 

fourth part. When the concave is drawn hindermoſt, it loſes the ſame 
one ee part. 


time it gains 


From 


1 . %%% 5 

3 uch experiments, we may gain a proportion for Een prefſbgg 
or friction; we alſo ſee the great difference between a cofwex; and:a flat 
ſuperficies 1 to ſeperate the water; and the difference: between a concave 
end to ſeperate the water and a flat ſuperficies ; alſo between à concave 
and aconvex end; and alſo, thas there is a 4 as to 7 | 
be” ſeperating the water, by being foremoſt tho mot ſo by t den in 

. : the water by being hindermoſt. . : 9702S. a0 1 


A 


Theſe: —4 may be of ſerviae in ee and ſeem capable 0 of — 
| e N40 further eee. 


.* 
61S. + A 4 N . 
11 61 {sf * 8 * o 


N * 


"NOTES relating be EXPERIMENTS. — 4 


Lesbos for knowing the fines of leaft. re re jRance.. Intended far 0 — 
poſe f forming the ace F ſhips; alſo, relating to an altem far 
Kun the Proportion for the friction of lateral preſſure of water. 


Provide a ciſtern for the water as repreſented. in the plate (Fg. 5 not 
leſs than 30 feet long, and divide it in halves by a partition length ways, 
chat the motion of the, water in one part may not diſturb that in the other 
obſerve, as the leaſt blowing of the wind diſturbs de ſurface, it is beſt be 
under cover, namely, in a ſhed or warchoulſe.:/! | bis AE D197 399, 
—_—- Qpſerve the pullies, repreſented on the e be 1 very exact the 
r unes may be ſilk or Indian graſs. 
3 i There muſt be alſo a line Braided very tight over the müde of each 
water, and. wiges:fixed, upright in the end of each block or folid7' which 


= by the ends, turning. erk over the n keeps the ne lig direckt 
4 is $55 75 | in its courſe, 3 pF, ed ves 2 os * 845 FL 
_ chad af che block @ fneds fanlifiapte;: bywhich hs lives 
* faſten with a hook to draw the block; there 1 time re 
x: ke . wal the ter e 159 Laue n 


. = | bn cutting gut fall piece, or * atk a roofs be phe Solid. 5 10 1 

ii the block by Putting in enall Mot: The A wile require much. 
car ane, exactneſos - TID 
The figures repreſe nt ſolids, hats lengeds are 2 00 8 nee ; 


15 4 
20 "3 39 9 £25 


* 
e 


ers ſomethi leſs chan one third of their lengths; theſe ede | 


_ — 3 round, one end of ee 3 e } 
CLL_MRT [ .{ Yr rampart 


1 


2 ed * £40 af * Bono! 55 074 AS 3 £4 rns 2 45 n VI bs be I 7 
3 | ; TEE. ay aol H m be 


ä —y„—ꝛ —— — — © + — 


„ 


* 
——— 2 — 


nag 


Ss: 1 


* (eget 2 
93 band bre made equal and drawn'thro* the water, 


with 1 power, that is, firſt make the ſtandard ſolids agree in vel6- [ 


city, thi fix equal weights to the lines that paſs over the rollers. 

Whqyger repeats theſe, or eds in making other experiments will 
do welb obſerve, what weight nearly he chooſes to uſe; for, if the 
power very: ſmall, a little obſtacle may impede” the motion of the ſolids 

If the weight is great, the velocity will be. too much for 
he ob er to decide with exactneſs the IF. of e bv 


bk] ty NON, 'folids, ..._ .: 1 
Ah ros ro N af tet 
The! blocks — perfectly round, and as the water 9 on i bodies 


in all ſirections, therefore, theſe blocks are truly repreſented by ſingle 


the figure A, B, C, D, in (Fig. 76.) and without having other 
lines f different curves intermixt with them; ſo that which ſoever of 
theſeblids nd hays the I — has to r the lines of kaſt 
Fe ous 2117 {15 19.5 


* : 
1 1 
* — * 


EXPERIMENT. e N 


There were 1 blocks or ſolids repreſented by Grace A, of equal weighty 
| fize/and velocity. This velocity was made equal by altering a little the 


weijht that paſſes over the braſs roller; one of theſe ſolids is made a ſtan- 
darſ to try the other, otherwiſe we could not have known w e 


" h end e of A Nen have the go ER velocity. 


" Reverſe the ends. 


a 


A wn \ againſt A eb veleltey, 3 
B'&ainſt A gains in velocity about one ech JG againſt A loſes about one 1 


©: ainſt A loſes in velocity about one yoth . ] Fagainſt A gains about one 1 Ich. 


Dx A griosinvelociry about one _— 30 be See loſtrabputine: t- 


5 24 


ee chat if "the, bald rollers are- e they will affect the 
tion of the ſolids ; ſo that it is proper to change each ſolid,” together 


th its weight, over each roller, for the ſame reaſon we: change. the 


veights:to try ſcales... The roller which upon careful trial appears to in- 
e the effect of the weight may be lelbped _ the circumf, end or 
the other increaſed in the circumference. e e 
- D hath the gteateſt velocity, I ſay 2 is ee tho breadth de- 


Ip. nearer-; the Read than in the others, which eaſea dhe - 
preflure, ſooner than im the ethers: The ereme bach, of 5 


figure 


| H againſt A loſes about one 27th. | 
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ge) ) A 
figure B, is nearer the end, which breaks 0 x the water ſooner; þ 


the breadth is continued farther aft, by a ſtrait ſide, ſo that t 
is not caſed by the declining of the fides fo ſoon open es: 
der e in e a is mae for as enn Wer; 


| — 
_ 


"FFT a] ; 
. es k. are two o diſtin blocks os extreme breadth W alt is in 
the middle; they are equal in tity, equal in length, and qual in 
weight, but not equal in breadth. The block K is narrower the 
_— middle and fuller towards the ans The block I is. broader at th mid- 
= dle, and narrower towards the ends ; they are Lede, and found at K 
hath more velocity than I, by one forty-ſixth pa re. 2010 9) 
| 2 — enath, ſame breadth, — 1 the by 
| | breadth of this is — Wo from the middle to one third of the he: 
5 from one end, by which means one end is fuller, and the other jt 
* muchthe-ſharper, and the floor ſhorter ;- this drawn; the Kalb eiidfore- 
moſt, againſt I, gains in velocity one ninth part, and when the marie 
. is foremot, it loſes one ninth part. 8 | 
Dotz not this ſhew, that Fa ſhip was built with the Bes that rm 
\ | tte body fimilar to the folid whoſe breadth is in the iniddir, and if no- 
=... tier was built with the lines that form the body ſimilar to the þlid: 


I * 


. whoſe breadth is ove third from the lem, the later would le oft 
= 1 one ninth part of the: velocity? % eee ads 1 .o) Yo! 
=_ - - If another hip was built, whoſe lines that farm the body vere fan; 


lar to the folid-whoſe breadth lay at one third from the head, it we 

outſail the ſhip whole breadth lay in the middle one ninth, part. Aſo, 
chat the ſhip whos. breadth lay at one third. from the head, Would dt 

ſail the thip. whoſe: breadth la) u to thirds: Wee en Ae ad. 
tuo ninth parts af af the d iſtance tun. 510 lin ait g A n, 21 
I be abſolute and relative force of a current of water, againſt — foe 
part of a ſhip, _ one of the, 
dence taken in many parts, as is deſcribed by M. folk 
other way equal thereto, a8 far aft as the midthip z- andias th 
midqhi . — —. or further 
or further forward, and the fl ef che bib dais Dus Eg Ache 
whole; {6 by moving the caidſhip frame further aft, the lines that form 
the fore end of the ſhip: thereby rans nearer a perullel to the keel, and 
conſequently haue che leſs abſolute reſiſtance de dhe current of water ; 
- or * * chat is the reſiſtance 8 — 


* 


| E071 | 

Tent from the ſtem to the middle of the ſhip. Yet there is a ſtiction, if 
I may fo call it, from the lateral preſſure of the water againſt the ſides 
and bottom of the ſhip that muſt be conſidered alſo, which I will en- 
deavour to explain in the manner following. Water, according to its 
depth, is by its own weight compreſſed together, againſt the ends, ſides, 
and bottom, in all directions; if the body placed therein be not fp=ci- 
fically heavier, the water will bear it up, and, in proportion, as the body is 
lighter, the more it will float out of the water; this is familiarly known, 
but the applying this to the preſent purpoſe may bear ſtating in this 
manner. 5 . 5 

Water, or any liquid, placed in a box, or veſſel of any figure, preſſes 
againſt all the ſides with a force equal to its depth, and, at the ſame 
time, the whole weight on the bottom. On the contrary, when a veſſel 
is placed in water, the water preſſes the ſides and ends inwards, and 


' upwards, under the bottom, with a force to bear up the veſſel, thip, or 


any other figure whatever, that is not ſpecifically heavier than the 
water. | | 5 11 

The moving this body, as it is thus circumſtanced, with the water 
preſſing againſt it on all directions, muſt put all the parts of the water 
that are next, or near it, in a ruffle and ſort of confuſion; the particles at 
the fore- end of the ſhip, near the bottom plank, appear to be conſtantly - 
removed by freſh particles of the current preſſing in, and impelling 
againſt them, and ſo one after another; but when we come to a more 
ſtrait part of the ſhip's ſides, and the declining part of the ſhip's bottom, 
the particles next the plank are not ſo ſoon diſpaced; this appears, from 
obſerving the graſs that grows on the ſides of the ſhip ; it ſhall be ſeen to 
grow right out, and wave backwards and forwards, from the fides of 
the ſhip, as if the water had no motion, when at the ſame time, the ſhip 
may be failing three four or five knots an hour, or more: This is, in part 
the caſe when the ſhip's bottom is clean, but much more ſo when the 
bottom is foul. This atmoſphere, or carrying part of the water along 
with the ſhip, is what I have here called friction, and is to be conſidet- 
ed, and muſt be taken into the account of the reſiſtance. In order to 
form ſome conception thereof, the ſolids, repreſented by the figures, were 
contrived, being turned exactly round, and the water preſſing in all 
directions, they are by me eſteemed as ſingle lines. EO OO 
By theſe experiments, it appears, that by moving the middle frame 
from the middle, nearer one end; that end unto which the wideſt 
frame is neareſt, gives the greateſt velocity, when turned foremoſt, and 
0 contrariwiſe it is reverſe, 5 5 

Supp. N 8 Now 


— 


© 


Nov it is plain, that by ſo doing, the entrance of the ſhip doth make- 
a more ſudden, or is of more abſolute force againſt the current of 
the water, than when in the middle of the ſhip, or folid, on which the 
experiment is tried. To account for this, I am ſatisfied with conceiving 
that by moving the midſhip frame nearer the fore- end of the ſhip than. 
in common is done, the body thereby declines ſo much ſooner, and 
takes off part of the friction cauſed by the lateral preſſure, which appears 
to be of more ſervice to the velocity, than what is loſt by making the fore 
part of the ſhip ſomewhat fuller. | | 5 FR 

To inſiſt that the difference in velocity of theſe experiments, as ſet 


down to that account, is exactly neither more nor - leſs, than what is 


there mentioned, may not be ſtrictly or ſcrupulouſly true, but that it is. 
near the truth is demonſtration; and it hath been long ago ſhewn. by 
Sir Jaac Newton, that a blunt headed figure, impelled in the direction of 


its axis, was the ſhape of leaſt reſiſtance in a fluid; but the propereſt 


proportion between the length and breadth is not deduced. 


In the next place it reſembles nature, in the form of the faſt ſwimming: 


fiſhes, and hath been experienced with ſucceſs ; from all, which it is 


become to me a rule, or pattern, that, ſo far as other conſiderations will 
admit, the lines that form the bodies of ſhips ſhould be ſimilar to the 
pattern that had the greateſt velocity, xx... 1 

Suppoſe a cruiſing ſhip had all the perfections in her dimenſions, and 
every other part, and the midſhip or broad- ſide frame placed near the 
middle of the ſhip, and built ſharp at the ends; conſider the weight of 


the fore -maſt, rigging, and fails, belonging to her; the anchors at the 
bows, which, with the preſſure of the wind into the fails, all unſupported 


but from the body farther aft, and united to preſs down into the hollow 
of every ſea; 1 fay, for want of more body further forward, ſuch a ſhip. 


muſt plunge deep, and hinder the velocity; this is not the caſe of the: 


hinder part of the ſhip. Another conſideration is, the fide reſiſtance of the 
bottom of the ſhip muſt not be equally forward to that abaft, for, if it 
was, the ſhip muſt be trimmed greatly by the ſtern, or her rudder would 


not command her, to bear up in a gale of wind. When a ſhip is preſt 
| with ſail, the water is forced. up at the bow, a little above a level, and 


the ſhip is preſſed a little down, which amounts to the ſame, with re- 
ſect to her 4 85 as if the ſhip was trimmed by the head. Then ſhips 
that carry their tiller near the middle in light winds, require it more a 


weather, when it blows. Suppoſe, by moving the midſhip frame a 


little farther for ward than M. Dubame! propoſes, and is commonly 2 


— —— mus 
n » 992 = warn — 


6-1 


111 it PE not add to the velocity, by ſo doing, provided it relard not the 
motion, it is of ren for the reaſons n far theſe Ex- 
8 


We may: now venture to e tide by carrying the midſhip ER 
forward, as in the preceding experiments, we ſhall gain, not only in point 
of velocity, but likewiſe, according to M. Bouguer's own princi iple, in 
point of ſteerage, which will be a double advantage. 

As theſe experiments were made in ſtill water, it may be preſumed, 
when a ſhip is to encounter a great head ſea, there will be at leaſt as 
much, if not more occaſion for a full bow. | 


3 W 
8 — * 
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23. M 0 1 bevellis ng he Cunt Timbers 9 's 5 Degel 
re and likewiſe the am. Fam ak a 7M 6-00 
en 7 5 ne: Lines. Ids 2s 


* £5 = Ti 1 the Cant 1 by. ben, 


os | 4 HE angle Fo b, (Plate VII. in the e ail be ths 
angle which the faſhion piece will make with the third ribband : For 


0 * the point where the plane of the faſhion piece interfeQs the thitd. 
ribband; a line drawn from o to F, will be the line in which the plane of the 


timber interſects the plane of the ribband : But then, as theſe planes are not 
perpendicular to one another, the angle F o will not be the true bevelling, 
unleſs the bevel be fo applied that the tongue may be in the direction of the 


Tibband, and then the ſtock cannot lay flat upon the fide of the timber: 


For which reaſon this method will not do for practice; for the ſureſt 
way to take any bevelling, is when both the ſtock. and the tongue of the 
bevel are ſquare to the timber. | 
In order then to find the true bevelling upon a ſquare, the direction in 
which the ribband interſects the timber 1 be given, as well as the an- 


gle Fo; and likewiſe the breadth of the timber: Now if theſe three 


be given, "the angle upon the ſquare may with. W be found by the 


follow method. : 
Let the diſtance betwixt the parallel lines A B and E F be the breadth 

of the timber; B 2 the direction of the ribband; and 45 what the be- 

yelling is without a ſquare. (See the Fig. under the Scale, Plate VII.) 
Now, that we may the eaſier conceive how this bevelling may be 


Foand, let us ſuppoſe the timber to be quite ſtrait, ſuppoſe the partition of 


the cheſt, Page 124 ; and firſt trimmed ſquare. Then, becauſe à 6 is 


what it is without a ſquare, it is plain there muſt be ſo-much lined off the 


aft fide of the timber; the line a B will be the breadth ef the outſide of 
the timber, in that direction before the wood is taken off; and if BD 
be made equal to B a, and D d equal to 4 6, and the angle at D a right 


one; then it is plain the angle A B d, equal to the angle F o 6, will be the 


bevelling, if the tongue of the bevel can be kept in the direction of the 
line Ba: But when the ſtock of the bevel is laid flat on the fide of 


T Theſe directions are again inſerted in the Supplement for the benefit of the 
Purchaſers of the firſt Edition, | FR 


— 


„ 

the timber, the tongue will naturally be perpendicular to the plane of 
the timber, which will be in the line BF; and if F/ be made equal 
and parallel to D d; then will the angle A B f, be the true bevelling 
upon a ſquare. | a3; ; 


DEMONSTRATION. (Plate VII.) 


In the right angled triangle a FB, B F the breadth of the timber is 
given, and à B the common ſection of the plane of the ribband, with the 
plane of the timber; again in the right angled triangle ba B or BD 4, its 
equal, we have aB or BD the breadth of the timber in the direction of 
the ribband, when the timber is yet ſquare, and 54a, or Dd, what the 
bevelling is without a ſquare, ſo the angle AB D will be the bevolling. 
But if BF were the common ſection of the ribband, and timber, then 
the line of direction would be ſquare to the timber, which does not alter 
what the bevelling is without a ſquare, vig. the line a B or D. 

In the right angled triangle F Bf, F f, and F B are given, hence we: 
have the angle AB /, the bevelling on a ſquare ; but it is plain the rib- 
band will be higher on the aft than on the fore fide, when in the after 
body, and the contrary when in the fore body; therefore the heighth of 
the ribband muſt be transferred from the contra to the moulding fide; 
which muſt be the ſirmark when the bevel is ſquare to the timber; ſo 
the firſt thing to be done, is to find the height of the ribband, on the 
contra ſide, for its heighth onthe moulding fide is given before the tim-- 


ber can be formed. | | - 22518 
Before we give direction how to find this, it will be proper to obſerve, 
firſt, that tho' the planes of the ſquare timbers interſect the planes of the 
ribbands in the diagonals, in the body plane, yet the cant-timbers do not, 
for the plane of the 4th ribband cuts the plane of the faſhion piece, in the 
liner F, and not in the line 5. Secondly, we muſt remark, that the 
breadth of the timber muſt be determined, which, ſuppoſe Fe in the 
floor plane, ſo ſhall r B repreſent: the foreſide of the faſhion piece, on the 
floor plane, it being parallel to FP, which repreſents the aft fide: Let 
Fe be ſquare to the point F, fo the fore fide of the plane of the faſhion 
piece muſt be broader than the aft fide, by the length of the line B e, that 
being what its bevelling to the ſheer: plane is without a ſquare ; this being 
premiſed, we may find the heighth of the third ribband, on the contra fide 
of the faſhion piece, and from thence find the bevelling of the cant tims. 
ber by the following methad :. . pon 7 
N 1. 


— 


i 

TP. Take B e, that i is, what the fore fide of the plane of the faſhion 

jece is without a ſquare ; ſet this off on the perpendicular 1d, in the 
Lis plane, and draw the line 4d parallel to K O. 

Note. The line dd will be in the fore body for the after cant timbers, 
and in the after body for the fore cant timbers. 

2d. Produce the common ſections of the planes of the ribbands, on 
the aft ſide of the faſhion piece, to cut the line 4 d, as F in the plate 
meets the line d d in e. 

34. From the point 4 draw a line parallel to rF, which will be tbe 
common ſection of the plane of the ribband and the plane of the foreſide 
of the faſhion piece; uſe the fame operations for finding the other rib 
bands, as you ſee in the plate, and call them new diagonals. 

4th. Find points in theſe new diagonals thro' which the curve of ano- 
ther cant timber would paſs, this will be the fore ſide of the faſhion 
piece, obſerving that the lines taken from the floor plane muſt be ſet 
off from the line 4 d, and not from the line K O; the diſtance of theſe 
points from the curve of the aft ſide of the faſhion. piece will be what 
the bevellings is, within or without the ſquare, In applying the bevel, 
the ſtock muſt be laid on the new diagonals, but when this is not ſquare 
to the timber, take the neareſt diſtance to'the curve of the moulded fide 
of the timber from the foreſaid points, and there place the ſirmark, ſo the 
ſtock and tongue will be ſquare to the timber, as in the firſt ribband, and 
from theſe points make an exact bevelling board, as in the plate ; the like 
proceſs may be uſed for the fore body. _ 

The difference of the heighth of the ribbands on the moulding, and con- 
traſide, may be had by projecting the planes of the diagonal ribbands on the 
ſheer plane. The forms and bevellings of all the other cant timbers may be 
had by the ſame method, but every timber will require another line, for 
the line dd will fall betwixt that and the line K O, till at laſt it 
coincides with it, that is, when the timber has no cant, * the new dia- 
gonals will be approaching to thoſe that repreſent the planes of the ſquare 
timbers in the body plane. 

The cant obeſe may likewiſe be bevelled by water lines ; their planes 
are repreſented by level lines in the body plane, which, in ſome caſes, 
will be very oblique to the curve of the timbers, but this may be reduced 
to a ſquare; and the AY ae directed: bes that of the 

Arſt tranſom in the plate. | 


To bevel the faſhion piece of @ ſquare $5 wes: 


| The faſhion piece of a ſquare tuck may bevelled by water lines, in the 
ſarne manner the cant timber are by ribbands, for as it both rakes and 
cants, 
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cants, the planes of the water lines will interſect it higher on the aft than 
on the foreſide; and, before we have their heights on the foreſide, the 
breadth of the timber muſt be determined, which ſuppoſe & (Fig. 71.) ; 
but this is not all, for, as it cants, the breadth in the direction of the water 
line, will be more than the true breadth : In order to find the true breadth, 


form the aft ſide of the faſhion piece, as directed in page 140 ; but, as we 
intend here to allow for the thickneſs of the plank, we ſhall alter botlr 


the rake and cant. 


Let t 5 (Fig. 69.) be the aft fide of the rabbit on the out fide of the 
poſt; WM the common ſection of the plane of the faſhion piece, and 
theer plane; but before this laſt line can be determined, draw the ſeve- 
ral water lines 1, 2, 3, 4, and 5, parallel to the keel, which may repreſent _ 
_ ſo many tranſoms; let all theſe water lines be formed and ended at the 
aft fide of the rabbit, as in Fig. 70, where the round aft of the tran- 
ſoms is deſcribed, and limits the curves of the water lines. Now the 

line WM muſt rake fo as to leave room for half the thickneſs of the 
poſt at the tuck ; in order to which, produce W g to r, make g half 
the thickneſs of the poſt, thro' F draw a line parallel to g M, to interſect 
g G in 6; with the radius 1 5 from x, the point of the tuck as center, 
2 arch, and draw the line W M juſt to touch the back of 
t arch. 2 . EE | 

The lines parallel to g G muſt likewiſe be ſo drawn as to cut off no. 
part of the tranſoms in (Hg. 70.) the lines g G, a 4, 5 3, are abaft the 
ends of the tranſoms, fo all that wood muſt be taken off after the faſhion 
piece is bevelled. _ e 

Having thus drawn the line W M, firſt aſſume any point &, at plea- 
ſure; in the line WM, Fig. 69, let fall the perpendicular & y, and 
draw y parallel to g G, to interſect a perpendicular drawn from the 
point M in /, Fig. 70. | - . 
2d. From M draw the line M 1 ſquare to /, and then the line y 

fquare to WM. | | BEE 
34. Make Mu, Fg. 71, (equal to M 1, Hg. 70.) the baſe of the 
right angled triangle & n M, of which Me is the perpendicular equal to 
ky; ſo the angle n M will be the bevelling to the horizontal plane ; 
and to find its bevelling to the theer plane. A F 
1/1. Make M >, Fig. 71. (equal to ny, Fig. 70.) the baſe of the right 
angled triangle F z M, Fig. 71, of which, M the perpendicular, is equal 
to 7 M, Fig. 70; ſo the angle f2 M will be the bevelling to the ſheer, 
as demonſtrated in page 126. e e 

Having thus found the bevellings, draw the line a b, Fig. 71, parallel 

to N; let 2 a, equal u &, be the ſcantling of the timber, then # x * 


. 
ha df timber on the r and 2 e its breadth on the ſheer 
plane, and @ c what it is within a ſquare.” 

Now, as the lines g G, a4; 53, h 2, y r, repreſent the aft ſide of the 
faſhion piece on the horizontal plane, Fig. 70, we may draw the dotted 
lines parallel to them to repreſent: the fore fide as in the plate; making 
nx, Fig. 71, the ſquare diſtance betwixt them, and their correſpondings 
on the aft fide, and by theſe dotted lines form the foreſide of the faſhion 
piece in the ſame manner the aft ſide was formed; but thewater lines on 
the fore fide of the plane of the faſhion piece muſt firſt be drawn, in 
Fig. 69. Thus, 

1ſt. Draw the lines e 5 and c parallel to WM, (Fig: 63 ) making 
the diſtance betwixt W M and e equal to ac, (Fig. 71. ) and the dit 
tance betwixt WM and ed equal to Sc. (Fig. 71.) 8 

2d. Draw a line parallel to W F, through the point 9 the line 
cd interſects the fiſth water line, Fig. 69; draw a line parallel to a A, 
through the point where the fourth water- line interſects the line cd. Do 

the fame by all the water-lines. — 
Me may now project the 'fore-fide of the faſliioh-pices by the new 
7 88 Water-lines, obſerving that the diſtances muſt be ſet off from the line e 6, 
and not from the line W M; or find the points through which the curve 
ſhould paſs on theſe new water-lines, and the-ncareſt diſtance betwixt- 
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out a ſquare, when both ſtock and tongue are ſquare to the timber; and, 
when the water - lines are not ſquare to the timber, reduce the bevelling 
to a ſquare one, and place the ſirmarks on the moulding edge, as you 
ſee in the plate, and from thence transfer on bevellings to a board, the 
exact breadth of the timber. | | 
Afﬀeer the timber is trimmed and bevelled from the aft ſide, tiets will 
be a ſpiling, e d, (Fig. 70.) to be ſet off forward from the line Gg 
| produced; and a ſpiling, co, from à 4 produced; laſtly, a ſpiling, / mn, 
; rom 33 produced ; and as the aft fide of the faſhion-piece winds, there 

muſt likewiſe be ſpilings ſet off for the inſide, as in Fg. (6. 
Let 11, 12, 13, 14, Fig. 69, be the inſide of the faſhion- piece; 
make g, rx}; Fig. 70, equal to W, 11, Fig. 69; a, 12, Fig. 70, equal 
to 4, 12, Fig. 69, &c. So 11, 12, I 3. 14, will wy the biete and 

| wear off at the point 1; Fig. 70. | 

' - - There will be no occaſion: to ſide the moulding gde of the falbian- 
piece quite ſtrait; it may be ſided ſo, that, when the mould is ſlightly 
Faſtened to it, the head of the faſhion-piece may round from the mould. 
nearly the whole quantity of the ſpiling, and then it may be 9 
_ the mould, and afterwards the proper ſpilings ſet of, | 


Th 


— 
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The timber being thus trimmed, the planks will come to the aft ſide 
of the faſhion- piece, which will make the ends apt to ſtart off with the 
caulking; to prevent which the thickneſs of the plank muſt be ſet off 
without the moulding edge of the faſhion- piece, as in the plate; and, 
when the faſhion - piece is bevelled to this mould, we ſhall have the whole 
thickneſs of the plank, without the moulding edge both of the aft and 
fore ſides; ſo the planks may be rabbitted into the faſhion- piece, leaving 
ſubſtance enough on the aft ſide to cover the ends of the planks. The 
planes of the timbers, in ſome caſes, cut the plank very obliquely, which 
will occaſion the plank to be thicker in that direction than really it is; 
therefore the thickneſs of the plank, in the direction of the plane of the 
timber, at each water-line, muſt be determined before the mould can be 
made. This will be a very difficult taſk ; however, we ſhall endeavour 
to perform it in the following manner. 

Iſt. Draw a line ſquare to the ſecond. water-line, at the point 2, 
where the plane of the faſhion- piece interſects it on the floor plane, Fig. 
70; and produce this line, from the middle line, to interſe& all the o- 
ther water · lines, which muſt be produced for that purpoſe; fo the ſquare 
line, in Fig. 70, will be 2, 2, v. 15 1 5 4 _ 

2d, Form a cant timber in the direction, or cant of that line, as in 

2 d. Set off the real thickneſs of the plank ſquare from this timber, 
to interſect the correſponding water- line in the point ; ſo r will be 
the thickneſs of the plank on the plane of the water-l ine. 

Ath. Set off 1 parallel to the ſecond water-line, Fig. 70; to avoid 
confuſion this was done by a pencil, and we have only the point r in 
the plate, where the plane of the faſhion- piece interſects it. | 

th. Produce h 2, Fig. 70, to interſect the curve in ?; fo ? 2 will be 
the thickneſs of the plank in the direction of that line. 1 * 

- 6th. Produce the line 6 H, Fig. 69, to 9, making 5 9, Fig. 69, e- 
qual to bz, Fig. 70; ſo 9 will be one point of the curvzre. 

Though this method may be too tedious for practice, yet, as it ſeems 
to bear a mathematical demonſtration, we have adventured to inſert it; 
far from imagining that there are not other methods better adapted for 


that purpoſe; for, without ſome ſuch contrivance, a ſhip could not be 
built exactly of the ſame dimenſions with another already built, having 
only the dimenſions of this laſt, by taking them off when in à deck, 
vyhich muſt be from the outſide of the plank; whereas, When they 
form the. timbers, the dimenſions muſt be taken from the inſide of 
the plank. | | | or 33 
Supp. 5 0 : Os» 
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at o the Moſting of SHIPS, 


8 M. Bouguer has given us the general proportions for the leng 
and diameter of maſts and yards uſed in France, i it may be expe: L 
we ſhould give the proportions uſed in England.” oy 
"Ie muſt be owned, the art of maſting ſhips is quite as imperfect, as. 
that of forming the bodies, for they bear no' manner of proportion to any. 
of the other dimenſions of the ſhips, and ſeem to be wholly regulated by 
the judgment and experience o the commanders. This Will appear 
plain by examining the dimenſions of the maſts and yards of "the 


. wllbwidg ſhips, and comparing them with the breadths and lengths of 


thoſe ſhips, and yet 1 5 commanders. were all allowed 0 be n ſea: 
men. 2 
* | Dimenſuns of Maſts fer EasT-InDIa. Shipe.. | 
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Er er for Maſt and Yards in the Regal Navy: 


HE maſts are 3 to the extreme breadth of the hip 
from out to out, and the yards to the length of the gun deck; 

and as this treatiſe i Is. chiefly deſigned for the ſhip-wrights. of his Ma- 
jeſty's dock yards, we ſhall here give the general proportions of maſts: 
and yards, for the benefit of ſuch of den as "nay be wanne 
at ſea. - 
As to the form of maſts and yards, the 88 Wee is to quarter 
the maſts from the 5 ers to the hounds, and the yards from the flings 
to the yard arms; ſo that both yard arms are: exactly the ſame, except 
the mizen yard. The diameters at the quarters are in proportion to that. 
at the partners or ſlings; whether this curve will be an arch of a circle 

or of an ellipſe, or only a fair curve, we ſhall not at preſent, examine, 
pe give our readers the proportions ; but as the beams are allowed to 
be arches of circles, we ſhalt here ſhew a ready way of making a. beam 
mould. 

Let AB, Fig. 73, be” the length of the beam, CD the round in the 
' middle, ſo it is only deſcribing a circle thro' the three points ADB 
but as the circle in ſome caſes will be ſo large fe OI OE * 
No” center we may uſe the following method.. 1 5 

. Draw the lines A N and NB... 


- * + $7 * 


the fame diſtance from the point D that their correſponding 


wil ge the ſereral points in the circumference. 


<ppoſite arch, as detiionſtrated in page 28. Hence 


. = : mY 5 
= From the Pon D, wh with the radius D ” deleribe a Aa circle 


make the arch 2 equal to the arch Ca, and the arch 5 F equal to the 


arch C5, ſo the arches à e, and-þ 25 will be equal, and of conſequence, | 


he angles A DC, ADe, BDC, B P/, will all, be equal. : 
0 bY Divide the lines D C, De, and D/ into as many equal parts as 
ou propoſe to find Points i in the curve; it is indifferent whether 
Fit — equal or unequal; only obſerving to 2 e the diviſions 
from the point B, and that the divifions of the lines N A. be 
in the line DC are from the ſame point. | 
Ac0b. Draw the line Bx to the firſt diviſion of the line D 72 and a lib 
from A, thro' 2 (the firſt diviſion of the line DC), ts to interſect the line 
Bx in g, which will be one point in the curve. | 


In like manner the other points are found, by drawing lines from B 
to the ſeveral diviſions of the line Df, and lines from A thro the cor- 


_ reſponding diviſions of the line D C, to interſe& thoſe drawn from B, 


which will all be in the ciccumſerence of the circle. In the figure we 
Have only drawn the lines B-x, and A g; but, in practice, we — take 
two chalk lines and faſten one at A and the other at B, an and ſt | 
pms any 1 and the other thro 53 5 orreſ- 
int n of the chalk, 


DEMONSTRATION: 


The 1 oſs circumference of a SN is N by half ths 
J angles at the cir- 

<umference of a cirtle that ſtand on the ſame chord are . and of 
<onſequence, if there be never ſo many equal angles ſtanding on the fame 
Chord, they will be all in the 1 4 a circle; or, which is 
— a curve drawn thro? the ſeveral angular points will be en 
if ; | 

The trimgle E D x, and A D S are equal, . for, the fides A D. and 
DB are equal, the fides Dd 52 CTR os ual, and the angle 
BD x included by the ſides B D and D x, equal 15 the 1 
included' by the fides A D and D z; therefore, $25 yo HP * een | 
tothe ang eDAz.' | 8 5 
The angles D A B, and D B A, are equa 
From 180 we have the angle ADB; but. th an 

and z A B, is equal to the ſum of the angles BA, and DBA, for the 


| 9 3 2 and Bangle D As (equal 


* — — — 


— 


5 * the an le D Bx) is ſubtracted from: ad angle DAB; therefore, the: 
angle A&B is equal to the angle A D B, EY of - conſequence the arch 
of the circle will paſs thro both; the like may. be ſaid of all the reſt. 


Peaportiams for the Kength of Male. dune 1748. 
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„„ 715: 55 aacnt 
1000: main top ſail ya. : :: 690: maintop gall. ard all the rates 
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696:7 1555 
1000: fore top-ſail ya. i: 5 fore top gal. 77 ae 


: 2000: fore er apa. _—_ mix. rop-failya,} al I reſt. 


| Croks jack and Fol yards equal to the fore op- Al 468 
Sprit top-ſail yard equal to the fore top gallant yard. IP 


Having now found the length of the maſts and yards ; z_ our next buſi 
nels is to determine their diameters at the partners and ſlings. 


3 "Proportion for the nw of Moſt and Yards.: 


The main and fore mf 5 down. to © 2 Ns h | FR 
meter to Every yard in length. © e 

For 50 and 40 guns, eenty-ſeven eenty-cight of an inch e 
to one yard in length. + - 

For as Suns, twelve thirtecns of an inch diameter to one yard in 


All to \waſtear nine denen of un inch diameter to one ren. 
The fo maſt as big as the main * -maſt, on 
The top gall t maſt, one inch to a ya e 
The mizen-maſt 4+ of an inch to 1 . in 1 
The mizen top- maſt five ſixths of an inch to one ard in e. 
The bow- ſprit an inch and half to one yard. 
The flying gibb-boom ſeven eighths of a ſhip to a yard, 
The main and fore yard five ſevenths of an inch to a yard. 
The top-ſail, croſsejack, and ſprit-ſail yards 1 nine fourteenths of an lach 
to one yard. 


The top-gallant, mizen top-ſall, and Tre fil lng; cal l yards cight wir- 


teenths an inch to r 
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The mizen yard five ninths of an inch to one yard. 
All ſteering fail booms and yards half an inch to one yard in length. 


Pneu, for the ee at the quarters of maſts and yards, accord: ng 
„ claneters at the partners, or Jungs. ; 


For the main and fore maſt, firſt quarter 23 {parts cond quarter 
had 4 7 third ere A patus hounds r parts; for the head + parts z 
parts. 
For the mizen maſt, nd hoops maſts that head themſelves, firſt quar= 
ter $2.3 for the ſecond quarter 12; for the third quarter, a ſtrait line 


from the ſecond to the hounds ; 12584. three n 5 for the head 


For top and 10p galant maſts, firſt quarter. 48 pet ſecond quarter 
7 grits third quarter à parts; hounds rr parta: head 5 parts. 
the — firſt quarter 2 parts; ſecond: quarter, &% parts; 
bird quazter 3 quarters at the cap one half; at the heel 3 quarters. 5 
For yards in general 4 — ſecond quarter nine tenths; 
third quarter ben tenths 4, yard arm-two fifths. - 
For the lower arm of the mizen yard, firſt quarter 22 parts 5 ſecond: 
quarter +5 parts: thied quarter + paris yard arm two thirds. a 
"The upper arm of the mjzen yard the fame as yards in general. 


As ſame of our readers may not be acquainted with the way of Ho 


tion in theſe proportions, we-refer them to what is ſaid on that head in 
= firſt part, Where the principles of the rule of proportion, and the con- 
ſtruction of the line of numbers is explained, and the uſe of the fliding- 
rule illuſtrated by a great variety of examples in the rule of three. 


Thaſe that are but the leaſt acquainted with the rule of three, know 


chat there are three numbers given ; and, that if the ſecond be multiplied 
the third, 222 divided by the firſt, the quotient will give 
e fourth texm, which will nr chat 
the ſecond term has to the firſt, 


The proportion for the main maſt of a ſhip of n thaw e 


preſſed; 1000: 740 : breadth : length, that is to y, (ſuppoſing the 
| ws" be 41 feet,): If 1000 give 740, what will 41 give? Ke 
1 a ſolution to this by the ſlidi — — 


the ſlider till 1000 is right againſt 740, and right N ind 
30 nearly, COT 1 te HO i wt, t is Fr 
Supp. E : -——_ ferent 


© 


an inch to every yard in length ; that is to ay, if the maſt were 2 


„ 3 3 „ 
ferent whether 1000 be on the ſlider or on the rule; but. if looo he's on 
the ſlider, 41 the breadth muſt likewiſe be on the ſlider, ſo 40 and 304 
will be on the rule, and the contrary; or uhiverſally, the tick and ſecond 
terms will be on the ſame line of numbers, and the third and fourth on 

other line of numbers, and it is indifferent Ane ene 740, or the breadth, 

e the ſecond term, but 1000 mult be the firſt; and the len ngth the tl 
fourth tetm; the one upon the flider d roche baths! \ >. - tlie 

The diameter at the partners you will find inthe proportions 3+ parts of 

ards 

long, the diameter at the partners would be 27 inches; and eilte 
by the rule of three 28 27: : 30 5: 2973 "therefore, draw out the 
flider till 28 is againſt 27, — Deen een $3009 $5 e 

The diameters at the quarters are given in what the ſhi weights all 
fractional parts of the diameter at the partners or ſlings j thatof the firſt 
quarter of the main maſt is , that is to ſayq if the diameter at the part- 
ners be 43, that at the firſt quarter will be 42. Nowy the diameter at 
the partners, — preceding operation, is 30 f, 9 three terme 
of the rule of three given, thus eupreſſed. J : 11 32, and 
when the ſlider is drawn out till 3 is àgainſt 4, we ſhafl find 1 
againſt 30 , ſo 294 inches is the — l firſt quarter; hence 
we have this general rule when the-fraQionat-pore-3e. given, draw out 
the ſlider till the denominator is right agaĩnſt the numerator, then look 
for the diameter at the partners, or flings, on the ſame line with the 
denominator ; and right againſt the partnérsz or ſlings, you have the dia- 


meter for that quarter, and by uſing the ſame operation as for finding the 


firſt qusetere, we ſhall find the ſecon quarter 28 3 the chitd e * the 


hound 20; and ac the head. 17 LA Ins & elner lo til ad 10 NU 5 Ment 
Now, to find the length and — aten e l 
the gun deck is 144 feet; the proportion for the length is 1000 5-0 :; 


144, therefore; draw Hut the ſlider till 1000 is rigt againſt 57 
A 24% . nearly;which'is the length of the main 3 
„The damster at the Ning is 4 of an inch to every yard ig length; 


- 83 feet is 27 4 yards, therefore draw out the Ader fl piongaint 55 and 


4 "% vt & 'S A. Th * ot COLOGNE 4 
againſt 27 & is" 19 . 3 ett 1 4111 S711 TOLL en e 4 * ; 
- It js-/preſuceds theſe enamples may ſulfiee” to explain: the r 
notation in the — likewiſe the method of Work- 
ing by the _ — — PP ed to n 
A chreef i plank; and timber, W beige Water 60 

n 4 iy are ME 85 — off 1 dige! 26] affe, 2 
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We {hall now give our readers the proportions, for the heads, and 
hounds of maſts, and likewiſe for the caps, tops, truſſel- trees, and 


croſs- trees. 
Proporti ons for Heads "me Hounds of Mofts. 


The head of the main and fore maſts, five inches to one ve 


the length of the maſt. 
Mizen-maſt head, if it ſteps in the hold, 4x of an inch to one yard 


All top and top-gallant maſt heads, four inches to a yard in length. 
2 length - wy ae eg two fifths of their Ke yn heads. ee, 


* Lan 1 v1 ot Wii 2 : | ag ] 


Proportions for Caps. toon}. 


All caps, txcept the flying gibb boom, to be in breadth twice ERA 
diameter of their top-malts ; and their lengths to be twice their breadth. 


The thickneſs of the main and fore caps, half the diameter of their 


breadths ; the mizen cap three ſevenths, and the top- maſts two fiſths of 


| their reſp Rive. breadths. s. own 


The flying gibb boom cap, to be in length five. times the diameter 


of the boom, "= in breadth twice its diameter, and, in . nine 
| tenths 15 the I ee 
Es SE 


+2 8 "+ 


Proportions for Tape... * f : | 
rd, of the 3 of 


"The 8 of the top thwartſhips, to be one 


the top · maſt; the mizen- top thwartſhips, by ſome, is nine thirtieths of 
the lever of the mizen top-maſt ; all tops, before and aſt, three fourth 


of what they are thwartſhips; the ſquare hole five inches to a foot. 


10 a Proportion For, Truſſel- trees. 


In length, to redely within three inches of the outer edge Wie 6 WY 
The depth of the main and fore truſſel-trees, 24 of zan inch to one 
foot in length; their breadth five ſevenths of theit de 


The depth of the mizen truſſel- trees, fix ſevenths of an inch to one | 
foot in length; and their breadth eleven ſixteenths of their depth. 
The main and- fore top- maſt truſſel- trees, to be in eng th the fifth 


| ofthe length of their top-gallant-r miſts; their an inch 
82 one foot in length, and ths, breadth : + of their de 5 
o The migen: top-maſt truſſel. trees, balf ch e length „ 


maſt truſſel- trees; their depth, one * N foot Tink th, ad their 
breadth five fixths.of — e e | 
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A TaBLE of the Number of Guns on Dy Deck, their Length, Weight | . os 
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Upper 
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New Syſtem of Geography: In which is given a general - Account of the Situation mt 
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A. F. Buſching, D. DP). „„ ĩ ¾ » 
Carefully tranſlated from the laſt Edition of the German Original. To the Author's Introductory 
Diſcourſe are added three Eflays, -xelative to the A Illuſtrated with 36 Maps, "by a fall 
proſecuted on a new Plan. This Work makes the beſt Geographical Dictionary extant, by a 
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'6. A Treatiſe of Fluxions. 8 Colin Mac Laurin, A. M. Profeſſor of Mathema- 
ticks in the Univerſity of Edinburgh, and late f of the Royal Society. 2 yols, 
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